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EXECUTIVE SUMMARY 

This report develops a methodology for the use of cost-of-illness (CON approaches for water- 
related projects in developing countries. The COI approach described focuses on potential 
health benefits from water supply and sanitation interventions and takes into account 
potential direct cost savings, in the form of avoided medical care expenses, as well as 
potential indirect cost savings, in the form of productivity gains in a population no longer 
affected by the disease or illness. Data from accepted economic methodologies are 
increasingly seen as necessary in the policy process for justifying such interventions. Proper 
application of COI studies could contribute to this process. 

Implementation of COI health benefit studies involves important precursor and follow-up 
steps. These include (1) defining the context and scope of the study, (2) datermlning the 
health effects of the intervention, (3) assessing data characteristics and availability, and (4) 
presentation of results to pdicymakers. COI studies conducted without proper "ground work" 
and adequate follow-up wlll likely prove irrelevant or ineffectual. The use of a multidisciplinary 
approach in all aspects of the study, including the design, implementation, and 
presentation/foUow-up, is important. Disciplinary areas that should be involved if at all 
.possible include epidedology, biostatistics, survey research, economics, and policy analysis. 
In addition, the "investment" of decision makers in the analysis and its results should be 
encouraged from the beginning through close collaboration. 

The report provides a step-by-step guide to the ''best case" data nee& and calculations for 
a COEbased study in developing countries. The methodology addresses such issues as disease 
seasonality and its impact on production, access to medical care, substitutability of labor, and 
impact of other diseases, among other factors. Detailed tables specifying data needs and flow 
charts describing the analytic steps are included. Spreadsheet table shells are provided in an 
appendix as a guide to how data might be collected and anayed. COI studies can be 
implemented at mrious IeveHocal, regional, and national. Data limitations (and resource 
Ifmitations on the collection of new data) are likely to be highly constraining factors on the 
implementation of fully developed COI studies in developing countries. Thus, the report 
discusses data considerations and suggests ways to overcome data gaps or, at a minimum, 
to make the gaps and resulting assumptions explicit. 

In addition to a detalled description of the proposed COI methodology, the report includes, 
as an appendix, a detailed review of recent theoretical studies and applied work in developing 
systematic approaches to conducting economic impact studies of health programs in 
developing countries. Weaknesses and caveats identified in the studies, as well as lessons 
learned in them, were incorporated to the extent possible into the proposed methodology. 



lmpo-tant next steps for thls research indude the trial application of the proposed CQI 
methodology to an actual country situation. A field test would provide crltlca! information not 
availa de from the Iit~rature-reviewandcomultation approach of thls ttsk regarding the 
feasib lily of the methdology. 

Finally, a substantive issue for future investigation became apparent in the! development of 
the COI approach for this application. The effect of an intenrention strickhy in terms of its 
impact on disease incidence and prevalence may not be as critical, from an economlc 
standpint, as its effect on disease severity. That is, when mild cases of the disease have Ilttle 
owrall zconon~ic effect, shifting the distribution of the number of cases towardl more mild 
cases (and fewer severe cases) may indicate a desirable health oulmme, even with uilchangad 
overall incidence or p d e n c e .  Specific interventiom, however, are often judged primarily 
on the basts of their impact on incidence or prevalence. Economlc conslderatfons could result 
in focusing the assessment of program effectiveness more on the impact of the intervention 
fn reducing case swei ity to a point that the population's productivity is minimally affected, 
even wlthout a significant effect on disease incidence or prevalence. Further investigation of 
this issuz is warranted. 



Task Origin 

This task originated in discussions with the USAlD health officer in Pakistan following work 
on a WASH study of guinea worm program implementation planning and cost-effectiveness 
(Paul 2988). In that study, a h u m  capital, incldence-based cost-of-illness (COI) approach 
simllar to that described by Hodgljon and Meiners (1982) was used to estimate productivity 
losses (and therefore potential economic gains) due to guinea worm dlsease. The existence 
of curient epidemiologic data for guinea worm, and the special characterlstlcs of the disease 
itself and the areas where it is endemic in Paklstan, allowed many simplifying assumptions. 
Those assumptions, in turn, allowed a straightforward and credible analysis of the costs of 
the disease to the local economy, as well as realistic estimates of the potential benefits of 
eradcation. Details of the CC91 approach used for the Pakistan gulnea worm program are 
prodded as part of Appendix A. 

Perceiving a need for more rlgorous arguments to bolster investments in health Interventions, 
the USAID/Pakistan health offlcer suggested during the debriefing on the guinea worm task 
that a new activity be initiated to extend the COI concepts used to study gulnea worm in 
Paklstan to other diseases, taklng into account models and theories developed elsewhere. 

As a preliminary step in establishing this currlent task, the WASH Project convened a 
workshop in Arlington, Virginia, on October 18,1989. The purpose of the workshop was 
to discuss COI methodologies, extensions, and applications in developing countries In order 
to focus the task and ensure that it reflected cunent emphases. 

P .2 Statement of the Problem 

Amld a general scarcity of resources in developing countries, health sector projects (including 
water supply and sanitation) often have a difficult time competing for funds on the basis of 
economic arguments. Provision of health senrices may be seen more as a "social benefitn 
than as an input to the economic well-being of a county. This is because.host county 
policymakers and development planners often have Insufficient information on the magnitude 
of the effects of illness and disease on the economy and the economic benefits that could be 
derived from s u c .  heaith intemdons. Health smdes, M o r e ,  are often among the 
k t  to be funded or among the first to be cut when allocating scarce budget resources to 
projects designed to benefit the national economy. 



Review of the literature yields substantial theoretical and applied work in developing 
systematic approaches for conducting economic impact studies for diseases in developing 
countries. However, no consensus exists on an ovaall approach. A number of overviews 
have been prepared describing and critiquing the various approaches. Tine brief description 
below and the complete literature review in Appendix A provide a further synthesis of these 
reviews in order to establish a basis for a methodology to assess the economic impacts of 
disease in developing countries. 

Approaches to economic studies of health have evolved substantially over the past 40 years. 
According to Mills (1985), the early (1950s to 1970s) economlc studies of tropical diseases 
and the health programs designed to reduce their incidence estimated the effects of a disease 
on the economy using the human capital approach. In this approach, benefits of disease 
reduction are defined as the increased productivity possible because of reduced mortality, 
morbidity, and disability attributable to a dlsease. Other economic effects of health programs 
that were mentioned and occasionally measured in these studies were population growth, 
increasing land availability for farming, and reduced health care costs. 

In the P970s, micr&vel studies of the relationship of health and productivity showed the 
relationship to be more complex than the earlier studies had assumed. Additionally, early 
cost-benefit studies were criticized for failing to value nonwage labor, such as household 
production, adequately. These difficulties with estimating true productivity effects sparked 
interest in cost-effectiveness analysis (CEA) as a substitute for cost-benefit analysis (Milk 
1985). In CEA the health benefits are measured in physical units, such as cases of dkease 
avoided or healthy days of life gained, and no attempt is made to estimate the larger effect 
of those health improvements on the economy. 

For policy purposes, however, CEA has its limitations. It is designed primarily to help the 
decision maker to decide which programs can achieve a desired health improvement at the 
least cost. For example, if Program A and Program B both reduce the Incidence of measles 
by 50 percent, CEA will enable policymakers to choose the least expensive (i.e., most cost- 
effective) program. When comparing programs with different-sized health imprwements, 
however, CEA can be very misleading. For example, consider Project A, for which an 
expenditure of $1 results in avoiding one serious injury, and Project B, for which an 
expenditure of $200 results in avoiding 100 serious injuries (Hills and Jones-Lee 1983). 
Looking at the cost per serious injury avoided, Project A is better ($l/serious injury avoided) 
than Project B ($2/serious injury avoided). However, unless a serious injury is valued at less 
than $2, Project B is clearly preferable because it will avdd an additional 99 injuries. Thus, 
implicit valuation of the benefits has to occur to complete CEA comparison of programs with 
effects of different magnitudes. To be able to compare development programs with different 
types of effects, for example a transportation program designed to save travel time (Hwe 
1976) with a health program designed to reduce morbidity from illness, explicit valuation of 
the benefits along a common metric is essential. 



1.3 Objective for Task 

Properly designed, implemented, and presented studies of the economic impact of disease 
could be one way of promoting support for health sector projects among development 
planners and host country policymakers. S,ector- and disease-specific studies could be very 
helpful in establishing and maintaining the priorlty of health care investments in increasingly 
cost-consdous political environments. A long-range goal (toward which this task is a tentative 
first step) is to develop methods usable by mid-level profesdonals in developing countries for 
carrying out economic impact studies as part of planning, resource allocation, and evaluation 
activities for health sector projects. Figure 1 presents a schematic placing the objective for 
this task in the larger view of economic analysis of water supply and sanitation projects. 

Comprehensive analysis of the economic effect of water supply and sanitation intententions 
would have to inchde cost-analysis components, such as construction costs, costs related to 
community organization and participation, training, and ongoing operations and 
maintenance. Benefits analysis related to water supply and sanitation projects should include 
measurement of direct economic benefits, such as increased time azailability when water is 
more conveniently located, commercial benefits (reflected in inli-ximcture improvement 
leading to increased investment and other opportunities), and health benefits, both direct in 
t e r n  of avoided medical expenses and indirect in terms of productivity gains due to reduced 
morbidity. The focus of this report is only the health benefit aspects. 

1.4 Approach of Task 

Under this WASH task we examlne methodologies for estimating health-related economic 
benefits in order to facilitate direct comyarisons, both among and between health projects, 
as well as nonhealth projects, for the purpose of development planning at the national and 
regional levels. Estimating the economlc benefits of health programs is important because 
health programs are not generally ZlSSOCfated with economic benefits and thus are at a 
disadvantage when competing for funds with programs with more immediately obvious 
economic benefits. Our goal is to propose a workable and credible approach for valuing the 
economic effects of health programs in developing countries, based primarily on the COI 
model. To be a contribution, however, such a method must address and overcome earlier 
criticisms of the benefit-estimation approach. 

We proceed Mow with an overview of the cost-of-Illness appro& and its limitations. This 
Is followed by a model of the economic impact of health interventions in developing 
countries. which is intended to place our analysis in the larger context of policy decisions 
regarding health. tn Section 2 we propose a methodology, consisting of outlines of a series 
of steps that must be completed, for desfgning COI studies, and discuss the implications of 
alternative assumptions. Finally, in Section 3 we discuss unredved issues and make further 
recommendations. Appendix A provides a detailed review of selected health benefits studies 



Figure 1 

Task Orientation in Relation to Larger Economic Studies 
,." 

Task Goal: Develop methodology for estimating the economic impact 
of avoided illnesses (related to 11. C below) 

ECONOMIC ANALYSIS OF WATER SUPPLY AND SANITATION 
INTEFdVENTIONS 

1. Cost Analvsls 

A. planning and design cost 
B. construction costs 
C. costs related to community participation 
D. training and support 
E. costs related to operations and mainienance 

11. Benefit Analvsis 

A. Direct economic benefits, e.g., increased time 
B. Commercial benefits, e.g., infrastructure 

C. Health Benefits 

- medical care expenses avoided --> saved direct 
costs 

-- actual and potential productivity gains --> saved 
indirect costs 

to illustrate the methodological and data problems associated with estimating economic 
benefits of health programs. Appendix B provides a series of table shells that illustrate the 
type of data needed and formats for presenting the data. 

1.5 Overview and Limitations of Cost-of-Illness Methodology 

The COI methodologies largely derive from human capital concepts. The COI approach to 
determining the costs of illness and disease has five components (Hodgson and Meiners 
1979): 



Direct costs of medical resources used in treatment and/or prevention 

Indirect costs resulting from losses,in economic output 

Other direct costs 

Soda1 costs and quality of life reductions 

Overall cost increases throughout the economy 

Dlrect costs of medical resources used include costs of diagnosis, treatment, ongoing care, 
rehabilitation, and terminal care, and they include costs to individuals and households for self- 
treatment, as well as costs to the government. Not included are the costs of research, facility 
construction, medical education, administration, and general public health programs that may 
have an impact on the disease. 

lndirect costs resulting from losses in output occur as morbidity and mortality cause affected 
persons to h e  time from work and household activity. The productivity loss Is generally 
measured by the current value of lost earnings and the Imputed value of lost household work. 
Additional adverse effects on productivity can also occur when the affected person is 
working, but at a less efficient level. Other indirect costs include time that patients spend 
visiting health care providers and time that family members lose from work while carlng for 
a relative who is ill. 

Other direct costs include transportation to health care providers, moving expenses, 
household costs to accommodate the needs of the affected person, and vocational, social, 
and family counseling d c e s .  

Socfal costs and quality of life reductions represent the pain and suffering asoclated with 
the disease. Any cost estimate that ignores the cost of pain and suffering will understate the 
true cost of the disease. To address the problem of how to quantify pain and suffering, health 
status Indexes have been used to measure the utility loss assodated with various health states, 

- relative to some benchmark state (e.g,, death). - 
Owmll cost increases throughout the economy reflect the overall negative Impact on gross 
national product due to reductions in productivity and redirection of resources for health care, 
whlch makes those resources umvaflable for other uses. 

- - 
- -. 

The first two categories (direct and indirect costs) are referred to as the "core" costs of illness, 
arid%&auSe of data h & t i o d &  often-arethee ow-& es;iimated, etkn hdddoped  
country studies (Cooper and Rice 1976; Rice et al. 1985). in leaving out the three other 
categories' ("extenslons to core costs"), all estimates of COI are thus conseruative, lower 
bound estimates. 



The leasibility of COI studies in developing countries relies to a large extent on identiflcatior~ 
of dirxt and proxy measures for the various costs. Data from sectors other than health haw 
to be Identified, accesed through the political and bureaucratic systems, and often modified 
or tmdormed beforc use. These tasks can require substantial creatfvity and resourcefu!ness 
on thc part of the m~lyst. 

Essential considerations regarding the data for these studies include (1) the reliability of the 
measures, (2) the ease with which they can be collected, (3) the cost of collecting them, and 
(4) the projectd availability of the measures wer time. 

Essential concerns regarding the study methodology Indude (1) validity in the sefflng under 
study, (2) training and capabilities of the analysts who will apply the methodology, (3) the 
time and resources available to the analysts, and (4) the acceptability of the methodology to 
policymakers. 

Even though the quantitative output from most COI studies is limited to core costs, estimates 
of exterdons to core costs and the convincing presentation of those costs to promote 
awareness among policymakers and others are also a very important part of the strategy. 

When the COI method is used to estimate the l,ost productivity for a person who dies 
prematurely, the lost productivity estimate is given as the stream of earnings that the person 
would have earned if he or she had not died. In reality, however, that is not necessarily the 
true loss that would have been experienced by society or even the household if the person 
died. It is instead a pr~xy measure for the value of the rest of the person's life. The loss that 
would be experienced by society is the difference between society's product, net of 
consumption, with the person well, and society's product, net of consumption, If the person 
dies. For an addt who dies, lost earnings net of consumption may be an overestimate of the 
true loss to society because, unless there is full employment and no substitutability of labor 
possible, a new employee can be hired and the productivity loss minimized. Productivity 
losses due to morbidity are greater than those due to mortality because of the continuing 
consumption of the sick person, although the losses are once again overestimated using the 
traditional COI method if there is unemployment or substitutability of labor. For a child who 
dies, the possibility of economic productivity from a "replacement child should be considered 
in the calculation of society's economlc losses. 

To summarize, the standard COI approach may, in some cases, overestimate the economic 
effects of disease measured in t e r n  of actual productivity gains. Viewing health as desirable 
in ttself, however, policymakers may not wish to restrict consideration of benefits to only 
productivity because of society's view of the innate value or "standing" of members of society 
(WRrttl~gtm-mct MacCr%e 1986). The paaiMe overstatement that may result from the 
traditional COl approach, therefore, could be considered to represent the increased value 
related to "standing." 



1.6 Model of Economic Impact of Health Interventions in 
Developing Countries 

Figures 2 and 3 provide a linked schematic for examining the relationship between improved 
health that mlght result from a development intervention, such as a water supply 
improvement, and improved economic well-being. As shown in the figures, the linkages are 
complex, and the existence of impacts, as well as thelr direction, is not well established. 
Although the focus of this task is nearterm economic impacts ("core costs" of COI approach 
fn Figure 3), it is important that the other linkages and effects 'be made specific so that the 
context for the COI estimates and the assumptions involved are completely clear. 
Additionally, any presentation of results regankg COI should be made in the larger context 
in order to familiarize pollcymakers d t h  linkages, sequenc'kg, and possible mlsestlmation of 
true effects. 

The discussion below briefly presents the overall model shown tn Figures 2 and 3, linkages 
between elements, and possible methodologies for measuring linkages. Full discussion of 
Dinkages (outside those relating to the core elements of the COI approach) is beyond the 
scope of this task. 

1.6.1 Health Benefits and Other Outcomes of Health Interventions 

Initially, decisions must be made among alternative Imrestments of scarce development funds. 
If health investments are to be made, decisions must be made about the specific health 
intervention (e.g., water supply and sanitation versus a categorical disease interventlon 
program) and the specific configuration and Implementation of that inteivention (Figure 2). 
The ways these decisions can be made vary from the purely political to the highly empirical, 
the latter relying on good baseline epidemiologic data (Bamurn 1987) and potentially utilizing 
sophisticated modeling techniques (Bamum et al. 1980) and decision-analytic techniques. 

Assuming that a particular health intervention is implemented, the next linkage relates to 
estimating the level of disease reduction due to the health intervention. Such determinations 
rely on q~idemiologic information and analysis. For the case of water supply and sanitation 
interventiors, Esrey et al. (1990) reviewed and analyzed the flndlngs from a number of 
diseasespecific studies regardkg the impact of the intervention. It should be noted, however, 
that broati-based interventions, such as improved water supply and 
sanitation, can have a favorable effect on a large number of diseases, as well as other direct 
economic effects, such as time savings offering the potential for increased productivity, 

The impatl of disease reduction on mortality can be estimated by the preparation and use 
of cause-qxxifk life tab?- (e.g., l+bmbw&ri and Suchtndran 19881, t)re design and conduct 
of independent surveys and special studies, or the use of expert opinion. Modified 
appllcations of cause-specific life table analysis can provlde data on the disease 
reducttorr--lowered morbidity (e.g., improved health status) link, but the data required for 



Figure 2 

Halth Benefits and 0 ther Outcomes of Health Interventions; 
Types of Information Needed and Unkages 

Decl stcn_s regardtng health 
program l nvestmsnts 

Decisions regarding specif l c  
health lnterventlons 

e.g.. Improved US & S 

Epidmiologic studies - 
(e.g. Esrey e t  a1 . . 1989) 

Olsease reductton/ Other benef l ts, 

L i fe table analyses/ 
cpldmiologlc studlas - workforce aval labl 1 l ty  

(e.g. Namboodi rl and Suchlndran. 1988) 

Decreased morbldl ty/ 
Improved health status 

v 
(Flgure 3) 

Decreased mortal l t y  T 
v 

(Flgure . . 3 )  

applications of life table analysis.can be very difficult to obtain in developing countries. 
Epidemiologic data (which often are more available) can be used instead of life table data to 
estimate decreased morbidity and mortality. 

The link between reduced mortality and morbidity for a disease and the near-term economic 
impact (Figure 3) is the focus of the COI methodology described above. Decreased morbidity 
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can be expected to decrease the direct costs of illness, as reflected in medical and health care 
expenditures, and increase working days available and work force productivity. Decreased 
mortality, on the other hand, could result in higher direct costs if the lower mortality is 
associated with increases in long-term morbidity. Thus, lowered mortality may or may not 
have a favorable impad on the labor supply and productivity, depending on the attendant 
morbidity. 

In the United States, the methodology for COI studies and examples of its application are 
well documented (Rice et a].; 1985, Salkever 1985). However, COI studies have 
methodological and data limitations when applied to developing county contexts. Table 1 
presents some of the important methodological problems inherent in the COI approach for 
developing countries. Most cdtically, they include lack of data, relating to both costs and 
productivity, issues of foreign exchange costs, and measurement issues related to 
unemployment and substitutability of labor. 

h addition to their near-tern economic effects, decreased morbidity and mortality can be 
expected to lower the COI extension-tecore-costs of pain, suffering, and grlef and thus 
increase the number of qualityadjusted Hfe years. 

The longer term impacts of decreased morbidity and mortality, however, will likely be mlxed. 
Clearly, decreased mortality will increase population pressures and demand on resources. 
Lower morbidity will conceivably also increase demand on resources-through increased 
fertility, for example. Favorable long-term effects, however, Include increased likelihood of 
physical capital formation because of increased returns for industrial development and 
increased human capltal formation through improved school attendance. In the long run, 
reductions in disease incidence may also result in more land being available for development. 



Table 1 

C01 Methodological Problems Related to 
Core Economic Costs in Developing Countries 

Direct costs of medical care: 

Lack of direct charge or cost data under national health systems or national 
health insurance programs. This would include dab for both ambulatory 
(primary care) sewices as well as inpatient hospital care. 

Issue of foreign exchange costs for drugs or medical equipment that may have 
to be imported. In addition, accounting for costs of donated goods, such as oral 
rehydration salts, vaccines, or welldrilling equipment, is problematic and 
generally not addressed. 

Indirect costs floss of economic ~roductiviu 

Valuation of productivity, particularly for household and nonwage labor in the 
rural sector, regarding both ill persons and their care givers. 

Issues of adjusting for labor substitutability, either as it relates to unemployment 
or substitution within the household, 

issues related to age of ill person and subsequent productivity estimates; i.e., 
can full long-term economic productivity be assumed for children "saved" by a 
particular intervention? 

Issues of interventton effects on productMty other than health, e.g., time 
savings. 



2 
PROPOSED METHODOLOGY 

2.1 Focus of Methodology 

Our goal in this section is to describe a flexible and comprehensive methodology to guide 
progam managers and policymakers in the design of COI studies and Identification of data 
needs. The methodology is necessarily broad because the context for each study will be 
different. What is important is to design and produce a credible analysis, making sure the 
right questions are addressed and that all assumptions--and the implications of tho% 
assumptions-are made explicit. Sensitivity analyses for the different assumptions can then 
produce a range of plausible estimates. To the extent ttiose estimates indicate robustness of 
the model, the policymaker/program manager can be confident in the results; otherwise, 
more investigation may be necessary. 

As noted in Section 1, C01 studies (and the focus of this methodology) are concerned with 
the near-term economlc impact of a disease and possible gains from Its control. Before such 
COI assessments can be made, however, it is first necessary to understand the larger context 
of the COI assessment, which may then guide the type of analyses to be employed. Second, 
infumation on the epidemiology and other characteristics of the disease must be obtained 
and integrated into the analysis. Dkase-specific information will critically affect the factors 
to be considered and the approach of the analysis. Third, implementation of the COI 
approach itself requires consideration of a number of factors and assumptions. Finally, data 
issues must be considered at all points in the design and implementation of the study. It is 
unlikely that the necessay resources will be available to fund extensive new data collection 
efforts. Adequate consideration of data issues, therefore, will likely result in modification of 
the design and, perhaps, even the goals and objectives of the study. 

2.2 Approach 

This subsection discuses the hues noted above, and illustrated h Figure 4, and presents a 
sequence of suggested steps that constitute an approach for the conduct of COI studles in 
developing countries. The approach must be multidisciplinary. In particular, it requires the 
application of epidemiologic analysis and information gathering to determine the linkages 
Bet#teen Mth program and different !w& of sewer!@ of the disease and disability or 
mortality in the affected populations. Economic analysis and informath gathering are also 
necessary to deternine the linkages among health status, use of health care resources, and 
pductfvity. 
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Table 2 

Determining Context and Scope of the Study 

Determine what the results are needed for: 

e intersectoral planning 

health sector plariing 

program evaluation 

Determine at what level the results are needed: 

national 

regional 

local 

Determine the time frame over which economic impacts should be estimated: 

near term 

long term 

Determine the desired scope of the analysis: 

cost-benefit, cost-effectiveness, or implementation costs alone 

level of aggregation, e.g., national, regional, local 

time period for coderation 

- - 

Determine what the results are needed for. 

lntersectorol pbnnfng implies comparisons between health program alternatives and other 
development programs, such as in the area of education or housing. Measuring "external 
sffkhcy" (Pracott 1989) requiresthe use of cost-benefit analysis and the difficult conversion 
of benefits and costs of each project to a single monetary scale. 

Health sector planning uses lndude (1) deciding between health program alternatives with 
the m e  goal, for example, health education versus chemical treatment for the control of 
a parasite responsible for a disease, for which cost-effectiveness analysis may be appropriate, 



and (2) decidlng between health programs with differing goals, for example, an immunization 
program for measles versus an oral rehydration program for dlarrhea. For this latter case, 
cost-effectiveness analysis may be posstble with the use of a common outcome metric, such 
as healthy days of life gained. Alternatively, cost-benefit analysis, with all costs and benefits 
converted to monetary units, might be used. 

Pmgram evaluations usually (but not necessarily) focus on assessing direct costs related to 
the Intervention program; they often omit indirect costs, long-term costs, or comparisons 
with alternatives. Program cost studies would be sufficient for program evaluation, and they 
are substantially more straightforward than the analysis needed for comparative purposes, 
either are internal or external to the health sector. 

Determine at what level the results are needed. 

This step is important for defining the scope of the study and determining the potentlal data 
needs and potential usefulness or impact of the study. Questions to be asked include, Is the 
interest more global, that is, for the parposes of natioml-level planning? Or is the focus more 
on regional or local planning needs? 

Clearly, the scowof the study and the data needs'are wry different if national rather than 
local or regional results are needed. National estimates can be generated as the sum of the 
local or regional impacts estimated using regional or local data. However, the availability (or 
reliability and comparability) of local data may make this approach difficult. Alternatively, 
national estimates may be generated from national-level data, which are more accessible but 
which may restrict the usefulness of the results at the reg!onal/local level. 

A related issue is knowledge regarding decision points, that is, the level at which decisions 
are made. If all decisions are centralized, a study conducted by regional- or district-level 
authorities may have little policy impact. If, on the other hand, decision making has been 
decentralized, conduct of the study at the lowest level of decision-making autonomy should 
improve the focus and potential usefulness of the results. 

Determine the time frame over which the economic impacts should be 
estimated. 

The xope of the study and data needs also depend on the time frame of importance to the 
decMon maker. This time frame may depend on the expected effects of the health program. 
For example, if the health program Is expected to have a relatively small impact on the 
affected population, estimates of the short-term effeds might be sufficient to capture 
completely the effects of the health program. On the other hand, if the health program is 
expected to have large effects, especially on death rates and fertility rates, estimates of both - 
short- and long-term effects might be necessary to capture the effects of the health program 
completely. 



Determine the desired scope of the analysis. 

Once it bs k e n  established how the results of the analpis of the health intervention will be 
used, and whether there are long-term effects as well as short-term effects to be determined, 
the desired scope of the analysis can be established. Determining the scope of the analysis 
requires decisions about wherher to perform a cost-twneflt analysis, cost-effectiveness 
analysis, or a sfmple comparison of program Implernentatlon costs; the level of aggregation 
of the analysis; and the time period for the analysis. Whether an analysis wlth the desired 
scope can be performed will depend critically on the amillability of data for estimating the 
benefits or effectiveness of the health intervention. Often, the desired scope will have to be 
modified because of data limitations. Before describing potential data Hmitallons, we describe 
a series of steps designed to estimate the benefits or effdveness of a health intervention, 
which will clarify data needs. 

2.2.2 Estimate Effects on Health of the Proposed Intervention 

To estimate the effeds on health of the proposed health intervention, we propose a series 
of steps to identify the disease type (acute, chronic, acute/recurring) and estimate disease 
incidence and prevalence, effects on mortality and morbidity, and possible differential 
distribution of disease effects across the affected' population. Table 3 lists the steps, along 
with some examples of estimation methods. 

Identify the type of disease being targeted. 

The critical aspects to consider regarding disease type (acute, chranic, acute/recurring) relate 
to the interaction of the disease with the mode of economic lmductivity. For an acute 
disease, such as guinea worm infection, the worker may be entirely nonproductive for short 
periods of time. Without substitution for the disabled worker or adjustment of the production 
system (e.g., suMtution of alternative crops), this effect may have serious implications for 
production that has spedfic time requirements, such as transplanting rice (Audibert 1986). 
Chronic diseases, such as schistosomlasis, offer a greater opportunity for long-term 
adjustments to compensate for lowered capability, which may partially account for the 
difficulties in demonstrating the Impact of malaria and sd.listosomiasis on productivity (Cody 
1976; Weisbrod et a]. 1973). Additionally, the acute/recurring ~lature of a disease Pke 
malaria is such that the recurrences may not coincide with critical produdom periods and, 
therefore, may not have a substantial impact on output when the attacks are relathrely 
infrequent (Audibert 1986). 

Esiimate how the popuietfom of interest Ilr a m t f y  affected by the 
disease. 

The first set of data that are essential to estimating the health benefits from a disease 
reduction program are current disease Inddence and dlsease pramlence rates for the 



Table 3 

Estir11ating the Health Effects of the Intervention Program 

Identify the tvp& of dlseaso(s) king tsrgeted: 

acu: e (e.g., d b h e d  dbease) 
dvunic (e.g., schW~~~rnIasts) 
acu~e/reclprlng (e.g., malaria, gulnea worm) 

Estimate how the population of interest b currently affected by the dbase(s) of interest. 

sex- and age-spedfic incidence rater 
sex. and sgeapedfic prevalence tat- 
scasorw! patterns of he disease 
proportion of cases at different levels of severity (e.g., m u ,  moderate, sewe) 

e morbdty rate assodsted 4 t h  each level of severity of disease for each sex and 
g'?oup 

Determine how other d w  and nutrltional status In the popubtion might intaact wlth the 
dbease(s) of hl:erest. 

Specify for the popubtion of interest the expected hnpad of the hcalth intervention on the 
dbea4s) of int~erest, at different leveb of severity. 

EsHmnte the number of days/yean of healthy llfe that d l  be gained due to the intervention 
taking into account the interactive effects with other dimma and nutrltlcnal status: 

a estfmate galm due to reduced mortality for different sex and age groups, 
computed as difference between awrsge age at death with the d k a s e  and 
crxpecttd remahtng llfe expectancy at that age 
&at'e g a b  due to reduced mounts and degrees of tempomy disahiltty for 
different sex and age groups at different seasons, computed as a~vleragc! period 
of each degree of temporsty dbsbllity for thore who do not die from the 
disease, multiplied by the proportlon of dksblmcnt 
csttmsttr gahu due to redud amounb and degrees of permanent disability for 
diffennlt sex md age group, computed as expected ran~alnlng life expectancy 
from age at  dbablty, multiplied by the proportton of dbablment 

As appropriate falr the aalysb phn, &ate the long-term effects of the health hienention: 

esthnate changes In sge3pcdfic mortality rates for the popubHon 
estimate changes tn sgcapedfic fertility rates for the population 
atlmata changes in aha and age dbtributton d the population over the thne 
horizon of Interest from estimate of the mortsiity and f d t t y  hnges 

population of interest. National data may be inappropriate for certain local areas if disease 
incidence is not unlform throughout the county. If local or regional data are not available, 
expert judgment may be used to modify the national estimates for the population of Interest. 
It I also important to have estimates of disease incidence and prevalence by sex and age 



cohorts because the we of medical care and productivity losses attributable to the disease 
may vary by age and sex. 

In addition, it is important to obtain estimates of the proportion of cases in the population 
at different levels of severity and for different seasons. For example, mild cases of 
schistosomiasis should be distinguished from moderate and serious cases because of the great 
differences in the effects on the individual. More important, two populations could have the 
same incidence of a disease but very different proportions of mild cases. The economic 
benefits from reducing the incidence of the dlsease in the two populations, therefore, could 
be very different. Flnally, seasonality of disease symptoms can be important in affected areas 
where productivity varies from one time of year to another. 

Determine the impact of other diseases and nutritional status. 

It is important to have some inforrnatfon on other diseases that affect the population of 
interest as well as information on nutritional status. Both factors are interrelated with the 
current incidence, severity, and prevalence of the disease of interest. They also influence the 
effects of any health care intervention targeted at the dlsease of interest. The positive effects 
of some !ypes of interventions may be offset by the presence of other diseases and poor 
nutritionni status. On the other hand, some types of interventions, such as improved water 
supply, may have effects en multiple diseases and those effects may reinforce each other in 
a positive manner. 

Estimate the expected impact of the health intervention. 

The analysis must address the expected impact of the intervention on levels of disease 
incidence, prevalence, severity (in the case of morbidity), and mortality. If complete data are 
not available, expert judgment should t?e used to derive estimates for missing parameters. 
Sensitivity analysis should be performed on those parameters since the impact of the health 
progmm on economic productivity can be expected to m y  in accordance with differential 
impacts on these disease factors. For example, severe cases of a disease may have a strong 
negative effect on productivity, but mild cases may have very little. In this instance, an 
intervention that selectively reduces the number of severe cases, without necessarily lowering 
the actual incidence or prevalence of the disease, may result in as positive an economic effect 
as an Inteivention that more directly addresses reduclng incidence without affecting the 
distribution of disease severity. 

Estimate the number of days of healthy life that will be gained. 

Estlmatedt changes in disease incidence snnd seveyI s h d  be bandated hto esthnated 
changes in dys of hdthy life. It L first necessary to estimate the losses in days of healthy 
life assodated with each level of severity of the disease in the population. The losses in 
healthy days should be estimated sepmtely for each age group, sex, and season because 



losses in pr80ductivlty wll vary according to these factors. In addition, the losses h healthy 
days should be subdivided Into dlfferent levels of disability caused by the disease. 

National estimates of such losses have been derived for many diseases in Ghana (Ghana 
Health Prqlect Assessment Team 1981). Tlne losses were subdivided Into loses from 
mortaMy, morbidity, and debility. However,, thay were not estimated separately for different 
levels of severity of disease or for different ages, sex, or seasons. Because they represent the 
weighted average of dlsease severity in Gheula, the losses may not necessarily be applicable 
In other co~mtrfes, where the dlshibutlon 011 dhiease severity may be diffenent. Thw, expert 
judgment or primary data collectton may ~te necessary to derive these estimates for the 
speciflc pqpulation of tnterest. In additio~a to disease severity, other diseases and the 
nutritional !&itus of the population of interest will affect the gains in healthy days from 
changes In the disease of interest. 

Estlmate the long-term health elhfects o f  the health intervention. 

When a lorg-tern analysis Is attempted, long(-term !health effects of the Intervention must be 
estimated. These long-term effects indude the gains in days of healthy life over the lifetime 
of those currently living, but they also indude h e  fncregsed days of healthy life for children 
as yet unborn. If the health Intervention increases the number of fertile women and fertility 
rates, in thre long run the pdpulation may increase, depending on offsetting reductions in the 
need to re!place children who die or who are expected to die, 

2..2.3 Estimate the Econom~ic Impact of Disease: COI Issues 

In assessing the economic impact of the disease, steps speciflc to the COI methodology must 
be completed after the health effects of the health program have been estlmated. The steps 
yield estimates of the direct and Indirect costs added as a result of the health program. 

2.2.3.1 Direct msts 

The direct costs of a disease are defined as the costs of the medical care resources needed 
to treat the disease. The costs of treating the disease both wfth and without the health 
program depend on several factors, including level of access to treatment and treatment 
needs for each level of disease severity. The steps necessary for estimating the avoided direct 
costs of a dlsease attributable to the health program are shown in Table 4 and are discussed 
below. 



Table 4 

Estlnxiting the Direct Costs In the Costsf-Illness Approach 

Estimate the pmportlon of &tm affected at tach level of revarlty of the d k u e  (lee., mlkf, 
modeiate, mere) who d d r e  treatment. 

Estimate the pmportlon of those dairlng treatment who have access to treatment fadlltles 
currendy, and who dl have access h the near future, if different. 

Spedfy the process of treatment for each level of severity of the dLsease (Lea, m u ,  moderate, 
severe): 

number of holpltsl days, if any 
hours of hedlth care labor wlth different levels of trainlng (e.g., MD, 
RN, Aide) - drugs (Imported or domestic) - hospltal suplplle (e.g., N solutions, bdages, etc., imported or 
domestic) - use of qulpmmt (e.g., X-ray, operating room tables and 
hutnrmmb, etc., imported or domestlc) - fadlltles (e.g., m p b r  bed, fntauhte care bed, food sewice) 

a tnitlal outpatlent vtslts and number of follow-up outpatient vbits related to or 
independent of hospital stays - hours of health a r e  labor wlth different levels of training (e.g., MD, 

RN, Aide) - d ~ g s  (Imported or domestlc) - supplles (e.q,, bandages, autches) 
- use of equipvnent (e.g., X-ray, lab) - fadlltles (e.g,, examlnlng rooms) 

Estimate the mlt costs of resources wed fc+& treatment and the ski0 effects for each level of 
severlty of the dkase: 

unlt costs for bbor (wmge rates or shadow prices of labor, la, value of time 
h alternative use) 

unlt costs for drugs (cost of drugs or shadow prlces of drugs wtth costs 
welghted upward for hportd drugs, depending on the scarclty of fore@ 
a h )  

unlt cosb for supplle, (cost of supplla or M o w  prkm of suppllar wlth costs 
weighted upwatd for hnportd rupplles, depending onathe sawcity of foreign 
adrangc) 

(conthucd) 



Table 4 (continued) 

Esttmate the total colts of treatment for each level of reverlty of the d- without the health 
h terventlon: 

unit c a b  mdtlplled by resource use for a typical case at each level of severity 

cost pet case at each level of wverlty mdtlplkd by the nunbet of caws at that 
kvel of sewtlty that receive treatment In a given time period before the health 
Intervention 

Determlne the proportion of cosb that can be avoided tn the short and long tun: 

mriabla costs can be avoided h e d h t e l y  (e.g., dngs and supplies) 

"sembfixed" cosb am be avoided after a ahott delay (e.g., labor) 

fixed costs can be avoided In the long run (e.g., fadlltles and equlpmen0 

Determlne the direct & that would be avoided as a result of the health htetwntlon: 

mdtiply &hated cases avoMd at each level of severlty by the proportion of 
those receiving treatment and by the typlcal treatment costs 

compute the costs avoided at a1 lev& of severity 

calculate the costs that would be avoided tmrnedbtely, In the short nm, and 
In the long nn 

Estimate the proportion of those affected at each level of severity who seek 
treatment. 

The need for and decision to seek care m y  according to the severity of the disease. The 
direct cost savings from avoided treatment thus depend on the current distribution of disease 
severity and the expected effect of the health progmm on that distribution. 

Estlmate the level of access to care for the dbease. 

Savings in treatment costs depend on the current availablity of treatment and on the ease 
of access to treatment for people wlth the dlsease. if a ktge percentage of people needing 
and desiring treatment are not currently receiving it, then savings in treatment costs from 

I reducing disease incidence will be less than if all persons needing and desiring treatment have 
access to appropiate fadlitf9s- Furhr, if h r o ,  is current wsnet wed, it is also hportant 

- to determine whether there are any plans in the short run to meet that need. 



Determine the process of treatment at each level of severity. 

The process of treatment varies according to the severity of the disease. Treatment may 
indude hospitalization, outpatient visits, and drugs and other supplies. The level of training 
requ!red for the Involved health care professionals also varies according to the disease and 
its level of severity. 

Estimate the unit costs of resources used at each level of severity. 

The total costs of treatment at each level of disease severity depend on the resources used 
and the unit costs of those resources. The need for drugs or other supplies that have to be 
purchased abroad, and therefore with scarce foreign currency, has implications for the 
balance of payments. These effects must also be included in the unit costs of medlcal 
resources. The opportunity cost of the labor used to treat patients is an additional key 
determinant of the unit costs of treatment. If there are few alternative uses for the time of 
the health care workers, their opportunity cost is lower than if there are many alternative 
uses for their time. 

Estimate the total costs of treatment for each level of severity. 

To estimate the total costs of treatment at each level of severity, the resources used for 
treating a typical case at each level of severity are multiplied by the unit cost for those 
resources. The total costs for treatment of a typical case at each level of severity are then 
multiplied by the number of cases at that level of severity currently receiving treatment (or 
anticipated to receive treatment in the near future). 

Determine which costs can be avoided in the short and long run. 

The total cost of treatment at each level of severity must be broken down into fixed and 
variable costs, depending on the ease of avoiding those costs if treatment is no longer 
required. Clearly, drugs and supplies no longer needed reduce costs immediately. Reduction 
in the need for staff and facilities may reduce costs only after a time lag because 
commitments may have been made to employ those resources for a given time period. In 
addition, facilities may also be used for treatment of other diseases, and it may not be 
possible, in either the short or long term, to reduce the size of the facility when demand for 
health care is reduced for a particular condition. 

Estimate the direct costs that would be avoided as a result of the health 
intervention. 

Once the costs of treating different levels of severity of the disease have been estimated, the 
total costs avolded are estimated by multiplying those costs by the number of cases avoided 
at each level of severity and the proportion of those cases receiving treatment (or anticipated 



to receive treatment in the near future). The costs avoided can also be estimated separately 
for the short and long run. 

2.2.3.2 Indirect costs 

The hdirect costs of a disease are defined as the redudon in productivity experienced as a 
result of the disease. Productivity measures may be restricted to marketable goods or may 
also include goods pr xluced for home consumption only. The lndlrect costs of the disease 
both with and without the health program depend on several factors, including the type and 
character1stlc-s of the economy, the community and family structure, and the desired 
measures of produCfl'Jlty. The steps necessary for estimating the avoided Indirect costs of a 
disease are shown in Table 5 and discussed below. 

Specify the type of economy. 

The economy (whether national, regional, or local) must be described in t e r n  of several 
factors: market versus nonmarket, cash versus noncash, agricultural versus nonagricultural, 
subsistence only, and so on. The more local the level of analysis, the more homogeneous the 
type of economy, and the easier it will be to describe the economy accurately. The type of 
economy has important implications regarding assumptions of productivity loss due to the 
disease under consideration. 

Specify the characteristics of the economy. 

The economy should also be described in terms of (1) levels of unemployment and 
underemployment; (2) capital availability, in order to gauge the potential of the economy to 
absorb greater numbers of healthy workers; and (3) considerations of potential substitutability 
of labor or crops. For example, cornunities attempt to mitigate the effects of endemic 
disease in many ways, tncluding (1) substituting labor among family or community members, 
(2) the planting of possibly less profitable but less bbor intensive crops, and (3) altering 
planting schedules for crops. AU of these adions are undertaken to reduce, to the extent 
possible, the productivity losses assoctated with disease. The ability to substitute labor or 
crops varies according to the type and characteristics of the economy and the geographic 
region. For example, unskilled labor, espedally agricultural labor, is more easily substituted 
for by family members than skllled labor. 

Specify the characteristics of family and community structure. 

The economic effects of the disease are also influenced by the family and community 
~e.~~sftimebytFotfi~~krm~kandfamilfgsf&~ntlthsicrul~provfdes 
insights Into the availability of substitute labor, whlch could mitigate adverse economic effects 
of disease in either a market or agricultural economy. Allocation of time within the family 
also provides measures of other household production, such as human capital development. 



Table 5 

Estimating the Indirect Costs In the Cost-of-lllness Approach 

Spedfy the type of economy for the popdatlon of Intereot: 

market or nonmarket 

home or outside the home 

Speclfy the chamderlstta of the economy for the population of interest: 

unemployment and underemployment rates by ege, sex, and skill level 

avaibbility of new capttal for increased productton 

subaltutablty of labor by age, wc, and sklll level 

substltutablty of crops and planting schedules 

Spedfy the famlly and community stmctve: 

fsmtly structure and allocation of h e  wtthln famlly 

community structure and migration patterns 

Spedfy the mlt of s~lysb:  

tndMdual 

household 

community 

Spedfy the desired measures for paductMty changer: 

changes Ln produdion of msrket go& (e.g., agrlnlhrrd products, c o m e r  
goob and swvlces) for the popubtlon of Interest - sum of indMdml changes - sum of househoU changes 

changer in production of nonmarket goods (e.g., human capttat deveiopent, 
&Id care, lebure) for the population of Interest 

@a tn all production for thc popubtlon of Interest - s m n o f W d -  - sum of household changes 



In- and outmigration opportunities, along Nth employment-level information, reflect the 
availability of substitute labor in the community. 

Table 5 (continued) 

6. Estlmste the rnwlmun gain fn produdhre time as s r d t  of the health hterventlon: 

days of healthy tbne gained as s r d t  of the hdth fntervention for the 
dlu?ase sufferer by age, sex, and season 

days of the  gained for care giver (time not needed for care of ddc patlent) by 
sge, =, and -n 

I. b h a t e  the rnaxfmun d u e  of gnfn tn producttve time: 

estimate per capita dally mlue of production of market go& tn the regton by 
sex, age, snd season - quantity of each market good produced - ding price per unlt 

edmate per capita daily value of production of nonmarket goods fn the region 
by sex, we, a d  -n - quantity of each nonmarket good produced - estimated value per rnlt 

comblne esthnata of per capita valua of produdhre the  with estimates of the 
gain fn productive time attributable to the health fnterwntion 

Specify the unit of analysl. 

There are at least three possible units of analysis: the indMdua1, the household, and the 
community. The choice of the unit of analysis depends on the planned use of the analysis 
as well as on awilable data. For example, a household analysis may give the most realistic 
picture of the effect of the health program on community welfare. However, If there are no 
data on the substitutability of labor wlthh the household, such an analysis may be Infeasible. 
If analysis at the household level Is not possible, then analysis at fhe individual level becomes 
the default. Community-level analysis is the sum of either household or lndMdual analyses. 

Specify the measures of productivity changes. 

Prcducthrlty changes can be measured as changes in cash production only or changes in 
noncash production, including both agricultur@ products and other home-produced 
comrnadlties (e.g., education). The most comprehensive measure would indude all these 
changes. However, data limltatlons may make that infeasible. If the economy is largely a cash 
economy, then a measure of the changes in cash production Is probably sufficient. On the 



other hand, if the noncash economy is important, it should not be excluded from estimates 
of the potential benefits. 

Estimate the maximum gain In productive time from the health 
intervention. 

The analysts of the effects of the disease on heal& and the effects of the health intervention 
on the dlsease results in estimates of the healthy time gained as a result of the health 
intervention. Those estimates deterrnlne the upper bound for the gain h productive time for 
both the dlsease sufferer and the care giver, the latter in tenns of time not needed '/or care 
of the sick pason. To be useful for productivity estimates, the healthy time gained r,s a result 
of the health Intervention should be subdivided by age, sex, season, and level of disability 
awided. 

Estimate the maximum value of the gain h productive time. 

The maximum value of the gain in productive time is equal to the per capita daily d u e  of 
production multiplied by the number of days shed atidbutable to the Reaith Intervention. 
For rnarket-traded goods, the sellhg price per unlt is ca g d  estimate 04 the unit d u e .  Per 
capita daily output for a product can be approximated by dMding a total community output 
measure by f ie number of people available for production (in the labor force). Differentiating 
output levels among age/sex groups may be difficult. For goods that are not market traded, 
all these estimates are likely to be difficult to generate. For thb reason, the scope of the 
analysis may have to be mtrict.d to changes in pductivlty for market-jaded goods. 

Adjust the estimates of the maximum value of puoductMty gains. 

The maximum mlue of productivity gains may actual prductivity effects for 
several reasons, including community unemployment, availability of new capital, and 
substitutability of labor. Because it is not possfbie to determine the magnitude of these effects 
with any precision, we propose a set of "rule-of-thumb" adjustments that will Increase the 
credibility of the results of the analysis. These adjustments are described in Table 6. Where 
indicated in the table that per capita production will rise or fall, expert judgment for the 
specific community can be used to estimate h e  magnitude of the effect. 

Estimate the long-run productivity effects. 

If a long-run analysis Is needed, m e  attempt must be made to estimate how per capita 
production wtll evolve over time as a result of the health intervention. Over the long run, per 
caplta pdwtim dqmds cm p p W m  growth at?d the growth or decline of capital 
available for production. The only attempt h the litmature to perform a long-term analysis 
used a simulation approach that required large amounts of. data and a complex structural 
model, If long-term estimates are required, a more focused approach may be appropriate, 



Table 6 

Adjustments to COI Approach 

Adjust Phe estlnrates of the msxbnun d u e  of pducthre t h e  ~cordlng  to economy type and 
drsracterbtlct: 

Q unemployment rat- tn different aeawm for market and nonmarket goods - for condMom of excess d d  for labor, amme that all sddltional 
bbor b fully pducfive at the anrent per caplta output - for cocxlitiam of full employment, asme that dl addltlonal healthy 
ihne b fully productive at thc a a e n t  per caplta output - for low Iwds of unanployment/deremployment and mall 
d-es In dbewe effects, m e  that mployment/~ndetan- 
pkymmt rat- m l n  unchanged and thw per capita production 
reanolns unchRngad - for low levels of wmnployment/underem&yment and htge changes 
b disease effects, msume lower per capita production I d  for the 
g a b d  healthy days - for hlgh levels of unemployment/un&mploymmt, a s m e  no 
d m g e  tn productlo11 assochtd with the disease effects 

avabbility of new capltsl for market or nonmarket production - if no new capital Do ssmilable, the disease effects are large, and there 
b not an excess demand for labor, a m m e  that per caplta production 
declines - if new capital b adable,  assume that per capita -+uction remains 
unchanged even when disease effects are large 

v substitutahillty of labor - if labor for the production of market pxb can easily be mhtiMed 
and employment b lcta than MI, assune that productlon of market 
goods wln not be Increased by health htewention but productlon of 
nonmarket goods will be l n c d  - If bbor for ths ptoductlon of market goods cannot easily be 
substituted, saune that production of market good, may Increase 
4 t h  the health htewention, depdtng on the mumployment effecb 

Lttmate the pductMty effects: 

0 &ate short-nm and long-nm per capita production Incorporating c h a w  
hr the popdatlon snd tnformation on the aHaihbUtty of new capltal for 
prcductton of market and nomarket goods 

with per capita pmduction estimates over time dependent an an assumed rate of population 
change and new capital formation. These assumed rates of change would be based on best 
estimates of the popuhtim effects of fhe h a  intervention and eKgeri opinion about the 
possible growth or dedine fn available capital. Sensitivity analysis would then be necessary 
to show how changes in the estimates would change the results. 



2.2.4 Assess Data Considerations 

Data issues relate directly to data availability, data quality, level of disaggregation of the data, 
compatlbility/comparabiIi~ wlth other data sources, and costs and difficulties of new data 
collection efforts. Although these issues may sound formldableh the context of developing 
countries, data availability and quality are 4mprovfng rapidly in many developing countries. 
As mentioned earlier, the issue may not be as much one of instituting new data collection 
systems as it is one of creative validation, combination, and utilization of existlng sources. 

The availability of data (or of resources to collect data) is of critical Importance to the 
feasibility of cost-effectiveness or cost-benefit studies. Thus, it is important to understand data 
constmints before choosing a method to estimate the et~nomic effects of health 
interventions. 

Data likely to be available on an ongoing basis for the natlonal and, perhaps, regional levels 
in most developing countries include the following: 

Demographic statistics, such as birth rates, death rates, and disease 
incidence rates 

Epidemiologic data, such as disease mortality, debility, and morbidity 
rates 

Aggregate medical care costs, such as the cost of treating a case of 
the disease 

Economic data, such as gross domestic product and employment 
rates 

These same data are less likely to be available at the local level unless gathered during 
previous spedal studies or surveys. Data that are likely to present problems at all levels 
(national, regional, local) include measures of individual or household market and nonmarket 
productivity, measures of individual or household health status, and measures of school 
attendance. 

Table 7 presents a sumrnay of the characteristics of data sources that might be used for the 
analysis of the economic impact of health programs. The various characteristics contribute 
to the costs and completeness of the available data and help to determine the validity of the 
results of the study. Each of the characterlsacs is discussed briefly below. 
I 



Table 7 

Critlcal Characteristics of Data 

Data types: 

a sdm-rn, ongob 

a -9, ongom 

rurvqn, one time 

Data sources: 

a government 

a private 

a confldenthllty/l requirements 

Relevance of the data for population of fntetest: 

a pre&lon/f0~~9/appmprhteness 

a tlmebess 

Critlcal charadetbtlcs regarding the collection of survey data: 

a sample design 

a sample skm 

sbatlkatlon varbbles - data coUection methodology 

a one-he, cro&sectlonal - multiple aoss-sectlonal data coflectlon - longltudhl, panel design 

a dbbllity, dldlty 

response rate 

Frequency of data collcctlon (e.g., perlodldty): 

plans for deequent data collection 

e n t O d l f b b l l l t g r d l W b c e e f f o r t  



Table 7 (continued) 

6. Level of dlsq pegatlon parrlble: 

gqlmphlc (e.g., regtonal, dMct, etc.) 

Data types and sources. 

The source of the data, government or private, determines both the cost and ease of 
acquiring the data, as well as the credibility of the numbers. For example, prlvate data might 
be harder to obtain a2d to use, and it might be difficult to release the results if the data 
Include confidential information. Administrative data from the government, or government- 
sponsored surveys, might, however, be easier to obtain for official studies. 

Relevance for the population of interest. 

The available data may have been collected for a different purpose and, thus, the precfsion 
or focus may not be quite what is needed for the analysis. If this L the case, the data may 
still be usable if modified. Any such modification should be undertaken by an expert familiar 
with the original data collection process and the use of the data in the proposed analysis. In 

- addition, the available data may have been coleded several years previously; appropriate 
modification to account for changes over time (e.g., cost inflation) would be necessary in this 
case. 

Critical characteristics of the collection of the data. 
- - 

The validity of the results of the study depend critically on the data used. Thus, it is important 
to examine the statistical validity of the data for the population of interest. Such data should 
be collected with adequate sample sizes and using reasonable stratification variables. The data 



collection methodology should be appropriate for the use of the data in the analysis, and the 
response rate should be high with regard to suwey data. 

Frequency of data collection. 

For data that are collected repeatedly, it might be m i b l e  for the analyst to modify the 
collection instrument to include additional data that are needed for the study. If a new round 
of data collection is to be undertaken, adding a few questions to an ongoing effort could 
result in new data colection at a low incremental cost. 

Level of disaggregation. 

The level of disaggregation for available data, both geographic and demographic, may not 
be sufficient €or the desired analysis. In this case, expert judgment can be used to adapt the 
aggregated data to different geographic or population subgroups. 

Direct costs related to data. 

Acquisition and processing of available data and new data collection are often the largest 
expenses in performing an economic analysis of a health intentention. Actual data analysis 
usually requires only modest expenditures. 

2.3 Implementation 

In order to implement the health benefits analysis for specific health programs using the COI 
approach, the analyst must decide on the scope of the study, collect the needed data, and 
perform the calculations. Table 8 presents a guide to the choice of scope for the study. Eight 
tables presented in Appendix B are blank table shells designed to Illustrate the types and 
formats of data that should be collected in order to operationalize the model just described. 
Data In the format illustrated in these table shells could be used as the input data for a 
computerized spreadsheet model designed to perform the health benefits calculations. Such 
a computerized model could be fairly simple but would have to be tailored to the local context 
and needs of each particular analytic scenario. Some general examples of the types of 
calculations that should be performed are given in Figures 5 through 7. 

The economic benefits from disease control for a region depend on many local factors, 
induding type of economy, level of employment, nutritional status of population, water 
supply and sanitation facilities, number of endemic diseases, household structure, and political 
and legal tmsbhts. Given the muitMixipiinay nature of the Issues, the appropriate person 
or team to perform such studies will have a broad understanding of the realities of life in the 
region and will be in a position to be creatlve in obtaining data needed for the analysis. 
These data may be amflable from national or regional data colledlon efforts or may require 



primary data collection, such as cornrnunlty surveys or polllng of local experts. Primary data , 

allectlon efforts almost always involve seekhg out funding sources or collaborating wlth 
mnlblple Instltutlons. Brleger and Guyer (1990) describe the efflclent use of medlcal students 
In Nlgerla to conduct a new household survey of farmers to gauge productlvlty loss due to 
gulnea worm. 

Wlth regard to analyses at hlgher levels of aggregation, a national health or development 
planning organization may want to compare the Lmpact of several alternative health 
programs on the national or regional economy. In such cases, the conduct of the studies 
should be centralized so that the methodology and assunrptlons are consistent among them. 
However, centrally conducted studles must work closely with local planners and Information 
resources to gather the data needed for the analysls and to develop the appropriate 
methodology. Input by persons famlllar with speciflc characteristics of the region or local area 
is essential to prevent estimates of economic benefits that have no basis In the reallty of the 
local dtuatlon. 









Figure 7 

Computation of Avolded Indirect Costs 
(Market and Nonmarket Productivity Losses), 

by Age Group and Sex or by Household 

production per day, 
Per unit 

value d market 
and non-market 

gains in market 
and nm-market 



2.4 Presenting the Results 

We have described above and in Appendlx A the methodological and data issues associated 
with estimating the economic benefits of a health program. The question we now address 
is how should the results be presented. 

The level of precision required for estimates of the economic benefits of health programs will 
vary according to the purpose of the analysis. In general, conslstency of approach te ;; key 
for all programs that will be compared, whether they are intrasedoral comparisons ., .realth 
programs or comparisons of health programs and other economic development programs. 

Two extreme approaches are possible for the presentation of the estimated economic 
benefits. At the simplistic extreme, estimates of potential increases in total regional product 
are presented under the assumption that (1) all healthy days gained will be used productively 
at the prevailing rate of production and (2) all health care resources no longer needed to treat 
the specific health problem(s) will be used equally productively for other health programs or 
elsewhere in the economy. This approach ignores the effects of population changes and 
other measures of long-term effects, such as changes in life outlook or changes in savings 
rates or land adability (refer to Figure 3). 

At the other extreme, short-term estimates are optimally adjusted to the characteristics of the 
local economy and household structure, which allows for changes in employment rates and 
marginal productivity due to changes of disease incidence in the population. In this ideal 
approach, estimates would also be adjusted for the reallocation of work between market and 
nonrnarket production within the household. Finally, long-term effects would be estimated, 
which would allow for changes in population, human capital formation, and changes in other 
factors. 

Between these two extremes are a range of other possibilities, the selection of which 
depends on the availability of data, or funds to collect data, and the methods used or 
availabte for estimating the economic benefits of other programs to which the health 
Intenrention will be compared. 

The problem with the first approach to presenting economic benefits is that it is overly 
simplisl:ic and unrealistic. The second approach, however, can also be criticized for being 
unrea1l;tlc and infeasible. So much data is needed to perform the analysis that compromises 
and assumptions will inevitably have to be made. The results may be very sensitive to the 
assumptions made, especially regarding long-term effects. Thus, an approach in behveen the 
two extremes described above Is likely to be the outcome, In such an approach, the analyst 
must (1) be sensitive to the factors that reduce the gains In productivity estimated using the 
first, more simplistic approach and (2) avoid the dangers of attempting an excessively 
sophisticated approach when data or available resources will not support such an effort. 



Further, If estimates of economic benefits are to have policy slgnlficance, they must (1) be 
presented in a credlble manner; (2) show the current effects of the disease on the economy 
for the selected area, whether a speciflc region or the entlre county; and (3) indicate the 
extent to which health programs deslgned to decrease the Incidence of the dlsease(s) can be 
expected to offer economlc return themselves In terms of reglonal or national galns In 
output. 

Flnally, It should be polnted out that the core-cost COI methodology omlts critlcal aspects 
of the complete costs of a disease, both to the economy or sodety and to individuals. To the 
extent COlspeciflc results themselves are accurate, therefore, the estimates are conservative, 
underestimates, and understatements of the true costs. The costs to the economy are 
underestimates in excluding such factors as lost schooling. The costs to both society and 
Individuals are understatements in that nonquantiflable effects, such as pain and suffering, are 
not included. Any presentation to policymakers on the costs of illness, therefore, should 
emphasize the potentially consemtive nature of the results. 



CONCLUSION AND NEXT STEPS 

In thls report, we have described the methodological and data problems associated with 
estimating the economic benefits of programs designed to improve health in developing 
countries. In particular, we have contrasted two methods for estimating such benefits: the 
macroproductivlty, or COI, approach and the empirical approach. The C01 approach has 
been criticized as being too sirnpllstic and generating overestimates of productivity gains. We 
proposed a third approach, whlch might be referred to as a modified COI approach, 
whereby the traditional COI approach is modified by taking into account the mrious factors 
that might cause the COI approach to overestimate productivity gains. 

It is beyond the scope of this study to propose a fully developed methodology for estimating 
the economic benefits from health programs. However, we described a series of steps that 
must be completed to perform such an analysis. This series of steps is Intended to provide 
gutdance for health policy decision makers Cn designing or performing an analysis of.the 
economic benefits of a health program. 

3.1 Unresolved Issue/Need for Further Research 

One important area for future research is empirical measurement of the effects on economic 
productivity of programs having different eti~cts on the distribution of disease severity. This 
would be a mow away from the current dichotomous dlsease/no disease model. A program 
that has little effect on disease tncklence but which changes the distribution from numerous 
severe cases (with severe economic impact) to an equal number of mild-to-moderate cases 
(with little or no economlc impact) may be more desirable than a program that reduces 
incidence overall but leaves the same distribution of disease severity. 

3.2 Recommendations for Elaboration of Approach 

Elaborating or testing the approach described in this report should be done on a country- and 
dlseasespecific basis to test its feasibility and validity. There is obviously a need for a 
multidisciplinary approach, seeking hput from epidernlologists, survey researchers/sampling 
sbtkkhs, 4eOTtMnfSts, and policy spaidists to faditate cffedve presgntatlon d mdts. 
Moreover, the model relies on local input and expert opinion to flll many of the expected 
data gaps. Thls use of expert opinion implies close coUaboration with local officials, which 
wtll have the side benefit of gaining their participation, involvement, and potential 
"Investment" in the analysis and its results. 



Conducting C01 studies at the lowest level of decision-making authority for the 
disease/intervention under conslderatlon wlll likely result In thelr havlng the greater impact 
because of the greater focus of the study. Flnally, a more clrcumxribed area of study (i.e., 
natlonal to reglonal to local) will likely result tn fewer assumptions and less confounding 
variation from the overall economy. 



REVIEW OF HEALTH BENEFITS STUDIES 
IN DEVELOPING COUNTRIES 

In this append'x we briefly summarize the published reviews of the methodological and data 
issues end problems essociated with estimating the economic benefits of health programs in 
developing countries We also present some examples of studies of health benefits that 
illustrate these issues and problems. 

A l .  Review of Methodological Issues 

A l . l  Health as a Consumption and an Investment Good 

Over the past two decades, economic analyses of the value of improvements in health have 
benefited from the framework proposed by Grossman (1972). In this framework, 
improvements in helth are valued for their consumption and investment effects. As a 
consumption commc.dity, better health increases utility or well-being directly. As an 
investment commodit~, better health increases the time available for work in the market and 
nonmarket sectors of the economy. Improvements in health also increase the return on 
investment in human capital. 

h their review of economics, health, and tropical disease, Andreano and Helrniniak (1986) 
divided the consumption effects of Improved health into the following: 

Direct health consumption effects from reduced pain and suffering 
and an improved sense of well-being 

Indirect soda1 interaction and leisure effects resulting from the 
reduced stress on the family unit 

Their investment effects include three components: 

Short-term market and nonmarket produdion effects due to increased 
land and labor supply and reduced use of medical care resources 

Long-term production effects due to long-run changes in labor supply 
because of demographic effects 



e Long-run changes in land supply, capital formation, investment In 
human capital, and cornrnunlty attitudes about rlsk and Innovation 

Andreano and Helrnlniak pointed out that, in practice, it is hard to d u e  the consumption 
effects of health as well as the long-term production effects. For that reason, most studies 
that estimate the value of Improvements in health only estfmate the short-term production 
effects associated with reduced use of medical care resources and the Increased labor supply, 
that is, the core components of the COI methodology. 

A1.2 Valuing Avoided Treatment Costs 

Many studies of the benefits of preventing or reducing the incidence of tropical diseases have 
included estimates of the avoided treatment costs (Dunlop 1984; Horton and Claquln 1983; 
Paul et al. 1986). Two important methodological issues arise when estimating treatment 
costs: 

What proportion of disease sufferers receive treatment? 

What is the value of resources no longer needed for disease treatment 
following a successful intervention? 

Not all people who contract a disease will receive treatment. For some, the symptoms are 
so d d  that treatment is not necessary. Others may not have access to treatment because 
of geographical, financial, or other (e.g., social) barriers. It should also be noted that in some 
cases effective treatment may not exist, or the belief patterns of those affected by the disease 
may preclude their amtling themselves of the treatment. Avoided treatment costs are 
generally estimated as the average cost of treating each case of a dlsease, multiplied by the 
number of cases avoided. The way in which average costs are computed determines whether 
the proportion of cases currently receiving treatment is included in the estimation. 

In general, economists value resources used in one sector as being equal to the opportunity 
cost of those resources, that is, their value in their next best use in the economy (Canln 
1984; Squire and van der Tak 1975). In a perfectly competitive labor market, moreover, 
wage rates will be equal to the opportunity cost of the marginal worker. However, in 
developing countries, as elsewhere, the labor market is not perfectly competitive, and wage 
rates o h  do not measure either the value of the marginal product of the marginal worker 
or the opportunity costs (Creese and Henderson 1980; Prescott and Warford 1983). In fact, 
the expectation is that wage rates for health care workers overestimate their opportunity 
costs. Conversely, the opportunity costs of imported goods, such as locally unavailable 
medical supplies and pharmaceutical products, may be higher than indicated by their price 
because of the xarcity of foreign exchange (Horton and Claquin 1983; Prescott and Warford 
1983). These methodological problems are commonly resolved by computing shadow prtces 



that reflect the opportunity costs of labor and goods used In medical care (Creeso and 
Henderson 1980; Horton ond Claquin 1983; Squire and van der Tak 1975). 

Horton and Claquin (1983) estimated the costs of treating a case of diarrhea in Bangladesh. 
Cost information was obtained from financial, supply, and worker time-use records and 
equipment logs at the treatment slte. Labor costs had to be allocated betweer, diarrhea 
treatment and other health services based on self-reported time allocations. Horton and 
Cbquin estimated (1) the cost of treatlng one additional patlent, mostly for drugs and food; 
(2) the annual costs of the treatment site divided by the number of patients treated, including 
drugs, food, wages, and rent; and (3) total average cost, which included the annual cost of 
resources tied up in equipment. The appropriate value to use to estimate the cost savings 
from reduced incidence of diarrhea depends on the size of the reduction and whether long- 
or short-term estimates of cost savings are desired. Readily available shadow exchange rates 
were used to convert the prices of imported goods, such as fuel and equipment, into the local 
currency. Shadow wages were not used to adjust the actual wage rates to represent true 
opportunity costs because of the difficulty of estimating a shadow wage rate. 

If the problems of differential severity of cases and differential access are ignored, avoided 
treatment costs can be estimated as the product of the cost of treadng a typical case of the 
disease and the estimated number of cases avoided. The problems of differential severity and 
access could be accounted for in the measurement of avoided treatment costs by estimating 
the distribution of severity of cases before and after the health program, as well as the 
number of cases. In addition, treatment costs for each level of severity and the number of 
people seeking treatment at each level of severi6 could be estimated in different 
subpopulations. These estimates could then be used to generate more realistic estimates of 
the avoided treatment costs under current conditions. Sensitivity analysis could be performed 
to detennine what the avoided treatment costs would be if all people had access to 
treatment. 

A1.3 Valuing Productivity Gains for All Household Labor 

Andreano and Helminiak (1986) listed the following possible producfivity gains associated 
with improvements in health: 

Higher labor productivity 

Higher total output 

h d  st& of capital, whlch enhances efficient use of capital 



According to these authors, the gains are llkely to be observed when health improves, for 
several reasons, including the following: 

Decreased absenteeism from work 

Improved mental and physical capacity of adults and children 

Lengthening of working lives 

Reduced household resources used to care for the sick 

Reduced resources used to avoid illness 

Improved fertility 

Lowered child mortality 

Two methods have been used to measure the short-term gains in productivity attributable to 
the factors listed above. The first and traditional method, the macroproductivity approach, 
estimates the increases in working days attributable to the health program for each individual 
in the household and multiplies the increased working days by the average wage rate or . marginal productivity in the regional economy. The second method, the empirical approach, 
uses survey data and regression analysis to determine the relationship between disease and 
observed productivity. 

A1.3.1 Macroproductivity Estimates 

To illustrate the essential steps of the traditional method for estimating productivity gains 
from health programs, we briefly review three studies that estimate, respectively, 

1. Changes in diwse incidence and fatality rates as a result of a specific 
health program 

2. Changes in healthy days associated with a case of a disease 

3. Changes in productivity as a result of a health program 

The ftrst study, a survey analysis of the literature performed for the WASH Project by Esrey 
et al. (1990), reviewed and analyzed the findings of a number of studies of the impact oi 
t m p r d  water supply and sanitation on six diseases: diarrheal diseases, axadasis, guinea 
worn, hookworm, schistosomiasb, and hchoma. A total of 142 studies were reviewed, of 
which 42 were determined to be "better" studies on the basis of methadological rigor. Median 
reductions in disease morbidity ranged from 27 percent (trachoma) to 78 percent (guinea 



worm) for the better studies. Table A-1 provldes a summay of the expected reductions in 
diseases from water supply interventions, that Is, evldence for the intervention-health status 
linkage, from the Esrey et al. study. 

Table A-1 

Expected Reduction in DIseases 

All Studies Better Studies 

No. Median Range No. Median Range 

Diarrheal morbidity 55 26% 0-100% 

Ascarlasis 11 28% 0-7096 

Guinea worm 7 76% 37-98% 

Hookworm 9 4% @loo% 

Schistosomiasis 4 73% 59-87% 

Trachoma 13 5096 0-9 1% 

SOURCE: Esrey et a]. (1990) 

In their analysis of current research, Esrey et al. concluded that broad health tmpacts 
affecting all age groups can be expected from Improvements in water supply and sanitation. 
They also found that reductions in disease severity were larger than reductions in disease 
incidence, but they did not quantify the level of those effects in their report. 

In the second study, a team of researchers developed estimates of the days of healthy life lost 
for 48 diseases that are major causes of illness or death in Ghana (Ghana Health Project 
Assessment Team 1981; Morrow 1984). 'They postulated that a disease has three effects: 
illness, disability, and death. Each of these is measured as losses in days of healthy life so that 
the three effects can be added for each dlsease. The data they used came from census data, 
including derived estimates of age-specific death rates and Hfe tables; cause of death, as 
recorded on death certificates; inpatient and outpatient statistics; and data from special 
s w e y s  and studies. Using these data, they estimated the following for each disease: 

Incidence 

Case fatality rate 

Average ages at onset and death from the disease 



Expectation of years of life at those ages 

0 Extent and duration of illness and disability among those attacked by 
the dlsease 

They combined his information to estimate the average number of days of healthy life lost 
to the community by each patient with the disease and the total number of days last by the 
community attributable to the disease. 

From the perspective of the effects of disease on the economy, there are several problems 
with this method of estimating dlsease effects, apart from the major problem of lack of data. 
One of the problems is the lack of consideration of the effect of multiple diseases or other 
environmental factors on the impact of a single dlsease. In the Ghana study, care was taken 
to not double count deaths; only one primary cause of death was allowed. It was not so easy, 
however, for the researchers to assign fflness and disability days to different diseases, and 
they did not describe the method they used. It is also likely that case fatality rates, as well as 
severity of illness and disability, will vary according to the general health and nutritional status 
of the individual. Thus, the effects of a specific disease may vary among different 
subpopulations in Ghana depending on other health and environmental factors. The benefits 
of a program to control the 48 diseases would therefore also vary among the subpopulations. 

One way to extend the Ghana analysis would be to subdivide diseases into different levels of 
severity (e.g., Prescott, 1979, subdivided schistosomiasis into asymptomatic, mild, moderate, 
severe, and very severe) and to estimate the healthy days lost for each level of severity. The 
effect of the disease on a particular community could then be estimated if the distribution of 
levels of severity of the disease in that population is known or could be estimated from a 
knowledge of their health and nutritional status. 

Another problem with this analysis from the perspective of health benefits analysis is that no 
distinction was made in the ages at which the healthy life was lost. Clearly, childhood illness 
has different effects on productivity than adult Illness. Prescott et al. (1984) and Bamum 
(1987) have proposed using estimates of healthy days lost during productive ages only in 
order to derIve estimates of the negative effects on productivity from dsease. 

Alternatively, weights could be applied to healthy days lost at each age. The weight for the 
child ages would reflect the productivity losses for care givers. In most households a certain 
proportion of chlldren who die are replaced by additional births and therefore healthy days 
of life lost from particular child deaths may be overestimates of the long-term losses to the 
Irdd. Othwke, &h&g pro@!! emmn!c prd~!r,Y?ri! for &A&en who LYve 
Survived as the result of an intervention is problematic due to the relatively unknown scale 
and hpact of unemployment and underemployment 10, 15, or more years in'the future. 
Finally, both Prexott et al. (1984) and Bamum (1987) proposed the use of social discount 
rates to adjust the estimates according to the timing of the disease effects. 



The lhlrd study (Paul et al. 1986) was prepared under a WASH activity and Illustrates how 
estim rtes of reduced disease incidence are converted first to gabs in healthy days and then 
to gal IS in pr~dudivit'~, using the COI approach. As part of the analysis, avoided health care 
costs md improved a!lricultural productivity assodated with a guinea worm control program 
in Pakistan were estimated using a human capital approach. Demographic, health, and 
agricul turd productlvf;y Information was obtained from local and national sources, including 
the foliowing: 

Estimates of disease incidence, from special-purpose epidemiologic 
surveys of the disease 

. Relative effectiveness of interventions, from the program Itself 

Costs (and availability) of trtatment, from the Ministry of Health 

e Papulatton data, from the Census Office 

Agricultural productivity measures, based on data from the Ministry 
of Agriculture 

Interpretation and analysis of these data were also based extensively on the knowledge of 
experts familiar with the guinea wormaffected areas. 

Because of the unusual and unique characteristics of guinea worm disease, many simplifying 
assumptions were proposed as appropriate in this study. Critical among the assumptions 
were the following: 

Incidence for guinea worm disease is the same as prevalence because 
the disease occurs on an annual cycle with new infections each year 
and no acquired tmmunlty. 

Symptoms of the disease almost always coincide with the agricultural 
season and effectively remove all afflicted individuals from 
parkipation in agricultural activities for that whole season. 

Mortality from the tnfection is rare, and recovery is normaii; 
permanent disability occurs in a small percentage of cases. 

Guinea worm disease only occurs in the poorest of areas where there 
is little economically productive activity other than agriculture. 

Estimates of gains in economlc productivity from guinea worm eradication programs in the 
affected areas in Paklstan were thus derived as the product of per capita agricultural 



produdlvity and the reduced incidence of the disease expected as a result of the health 
programs. It was also assumed that there was no surplus labor to substitute for the guinea 
wormdisabled person. In the remote and impoverished regions where guinea worm dlsease 
occurs, agricultural and household labor were assumed to be interchangeable, and no 
difference was assumed regarding their value. Thls is in fact similar to the opportunity cost 
approach to household labor used in many traditional COI studies. 

Agricultural losses were projected into the future at the same level, and net present values 
were calculated uslng differing discount rates. Different scenarios were also tested as part of 
the sensitivity analysis, based on different assurnptlons regarding implementation of guinea 
wonn disease programs and program effectiveness. 

Although considered to be appropriate for the situation of gulnea worm eradication, this 
general COI approach to estimating the productivity gains for health interventions in 
developing countries has been subjected to much criticism. For example, in a review of 
studies of productivity losses associated with schistosomiasis, Prescott (1 979) identified several 
problems: 

The effect of the disease on healthy days is assumed and not 
estimated in most studies. 

The effect of the disease is assumed to be the same for all infected 
persons, and no adjustment is made for the severity of the infection 
or interactions with concurrent parasitic infections and malnutrition. 

No difference in the effect of the disease on productivity is estimated 
for different types of occupation. 

The number of workers Infected with the disease is often assumed 
equal to the number of cases, which ignores the fact that not all 
members of the population are employed. 

The studies only account for output gains from increased time worked 
and do not account for a possible increase in productivity for each 
unit. of time worked for healthier workers. 

Minimum wages are unlikely to be equal to the value of the marginal 
product of labor because agricultural markets are imperfect. 

One final problem when using the macroproductivlty method is that the wage rates or 
ma@&prodwb when healthy d those e u m d y  st$c are rtot necessariiy equai to the wage 
rates of those currently well. They could be higher or lower depending on who gets sick and 
why. In addition, this method assumes that all the gains in working days can and will be 



spent working. No account is taken of possibly limlted job opportunities or unemplcyment, 
and no account is taken of possible household choice to spend the addilional !-ledthy time 
in home production that is not measured by the researcher, such as chlld care or lelsure 
(PopkIn 1982). 

The alternative method for estimating short-term productivity changes requires direct study 
and data collection Ln the affected area, fdlowed by estimation of the relationship between 
actual productivity Puld the presence or absence of disease. When using empirical methods, 
survey data are used to estimate productivity as measured by weekly earnings, number of 
days worked, and daily earnings, for those wlth different levels of severity of the BWsc of 
Interest. Other factors that might affect productivity can be controlled for during the analysis. 

An example of such estimates comes from a large-scale and very thorough empirical 
investigation of the effects of schlstosomiasis on rural banana estate workers and urban light 
manufacturing workers that was carried out by Weisbrod et al. (1973) in St. Lucia from 1967 
to 1969. They estimated the effects of schistosomiasis on the following: 

Weekly earnings 

Type of job 

Productivity per day worked 

Labor time supplied per week 

They performed multiple regression analyses using data on individual characterlstlcs from the 
following sources: 

A household survey 

A work-site questlormire 

Estate records on worker attendance, physical output, and earnings 

Infection data measuring both presence and intensity (i.e., egg load) 
of infedton 

The results of the study showed that schistosomiasis had no significant effect on weekly 
earnings of either males or females. However, it was associated with lower daily productivity 
for males, offset by greater average &ys worked per week by infected workers. The tatter 
result suggests that infected male workers compensated for their reduced daily productivity 



by working relatively mare days in order to maintain earnings. There were no significant 
productivity effects for the females in the urban plant in St. Lucia. 

The intensity of hfection with schistosomiasis in St, Lucia was thought to be only moderate, 
which may aceoutit for its apparent lack of effect on productivity. In addition, the study made 
no attempt to measure home-produced commodities, either those that might be sold or those 
prseluced for home consumption only, such as child care or leisure. The study also did not 
mimate the effect; of xhistosomiasis on labor force partlcipation. The study dld test the 
offed of schlstommiasis infection on school performance, but here again the results were not 
signif fcant. 

Other empirical studies similar to that of Weisbrod et al. have produced conflicting results as 
b 0  the effect of ~istosonliasis on productivity. Foster (1967) found no effect for cane cutters 
but reduced days of work for irrigation workers in Tanzania. Fenwick and Figenschou (1972), 
on the same estate h Tanzania, found significant earnings differences between infected and 
uninfected workers in a cross-sectional study. In a time-series study, they found that 
productivity of workers rece99ring chemotherapy was increased. On the other hand, Gateff 
et d. (1971) did not find any effects in Cameroon. Finally, a study in Brazil by Barbosa and 
Bereira de Costa (1981) found a significant effect on productivity for severely affected 
workers. 

Popkin (1982) has proposed an alternative approach to that commonly used to measure the . 
effect of a change in disease incidence on an individual's productive output. He suggests that 
a more appropriate approach would be to focus on production, consumption, and investment 
at the household, instead of individual, level. Households produce commodities that add to 
their well-being. Home-produced and -consumed commodities include shelter, child care, 
nutrition, health, and leisure. In Popkln's "household framework," these commodities are 

. produced using inputs of household time and market commodities. Household time is also 
allocated to market work in order to earn money to buy the market commodities needed for 
home production. Households allocate their time between home production and market work 
in such a way as to maximize their well-being. When one or more family members become 
sick, other household members will reallocate their time. They may reduce time spent in 
home production of leisure and child care while maintaining the time spent in market 
production, if that is possible. The changes in time allocations wlll depend on the initial 
allocations of time and the substitutability of labor, which will vary between regions and 
population subgroups. 

A limitation of Popkln's approach is that it must be applied on a population-by-population 
basis and requires extensive survey data collection. Additionally, units of measurement have 
to be derived for measuring nonmarket home production, However, it does have the 
potential for generating estimates of the full effects on the househoid of hmith programs. 



The most complete empirical analysis of the effect of disease an household productivity is 
the study of malaria in Paraguay undertaken by Cody (1976). Data on the farming activities 
of 69 farming families in eastem Paraguay were collected over 20 months. The families were 
subdivided into three groups according to whether they were much, modemtely, or little 
affected by malaria. The 12 "much malarla" farnllies appear to have been substantially 
affected. Unllke most other productivity Impad studies, Conly's was not restricted to market 
production; it extended instead to the cash and noncash agricultural production of families. 
The study suggests that malaria-affected families stressed the production of their cash crops 
at the expense of nonmarket production. Cody noted intrafarnily adjustments to illness, such 
as children being taken out of school, in an attempt to maintain agricultural poductlon. 
Thus, Cody's study suggests that one explanation for the generally insignificant results of the 
empirical schistosomiasis studies could be that they measured cash production only and that 
this is maintained at the expense of home production when fflness is present. 

The empirical method can estimate productivity for either a single individual (e.g., Weisbrod 
et al. 1973) or for a household unit (e.g., Cody 1976). If the individual is the unit of analysis, 
any changes in productivity that result from substitution of labor within the household will not 
be accounted for. The degree to which persons within a household can substitute for one 
another depends on the type of market and nonmarket economy in the community. For 
example, substitution ts easier in a farm economy than in a nonfarm economy, such as 
mining or manufacturing. 

The main advantage of the empirical method is that the estimates of productivity losses are 
much more likely to be realistic than those obtained using the traditional macroproductivity 
approach. The main disadvantages are that detailed and difficult data collection is required 
for each area of interest and the results cannot be generalized to nonsurveyed areas. 

Researchers using either method generally make simplifying assumptions about 
unemployment rates. They generally assume that unemployment L not affected by the 
change in health status of the population as a whole and assodated increases in labor supply. 
For small changes in a region's incidence of dlseaw, such an assumption might be valid. For 
larger changes in disease incidence, this assumption can only be true if there is a shortage 
of labor because of excess capital. Adjustments could be made to allow for such changes as 
an increase in the pool of healthy labor, but the Barlow (1967) simulation model for Sri 
Lanka L the only study in which such changes have been explicitly Included in the health 
benefits analysis. 

A1.4 Possible Macroeconomic Long-Term Effects 

If large changes in dlsease Incidence occur in a region, there are Hkely to be long-tefm 
effects, which may differ in direction or intensity from the short-term effects. These long-term 
effects occur because of changes in one or more of the following: 



Population size and age distribution 

b n d  supply 

Stock of human capital 

Savlngs ratio 

Capital/labor ratios 

Patterns of consumer demand 

Prices of goods 

Value of the marginal produd of labor 

Household or individual attitude to innovation and risk taking 

Although many researchers acknowledge that changes in disease incidence may have long- 
run effects on the economy that cannot be captured by the types of cross-sectional analyses 
that we have described above, only one comprehensive model of the economic impact of a 
health progm has been developed, Barlow's (1967) model of the effects of malaria 
eradication in Sri Lanka. Barlow simulated per capita income in Srl Lanka during the 30 
years following eradication, assuming eradication had not occurred, and compared the results 
with the actual obsenred values. He assumed that capital formation is directly determined by 
the amount of public and private savings and that labor inputs are expanded because of an 
Increased working-age population resulting from reduced mortality and increased fertility and 
because of decreased morbidity and debility among the work force. The results of his 
simulation showed that a positive productivity effect of increased labor input due to 
eradication dominated population growth over the first eight years, but after that, growth in 
population exceeded growth in income. This was because, in Barlow's model, malaria 
eradication expanded the total population more rapidly than the work force and caused 
public noninvlestmmt expenditure to grow faster than investment capital formation, Over the 
long term, per capita income was found to be lower in year 30 with eradication than it would 
have been without. 

This study is the only truly long-term macroeconomic study of the econornlc effects of a 
health Mewention. The most obvious reason for its uniqueness is the enormous quantity of 
data required for its implementation and the complexity of the macroeconomic model, Since, 
~~dtkecfattweuktnotbe~aflaW,-vahiefUht~k~~d. h i -  

the long time periods of the model, the results would be likely to be sensitive to the data 
assumptions and assumed model structure and, therefore, lack credibility. The study does, 
however, illustrate an important point that has not genetally been discussed in the reviews 



of he dth benefits studies. Is the appropriate measure of economlc well-being for a region or 
country its total outpr:t (gross domestic product) or the per caplta output? Most studies have 
been :oncerned with m a t i n g  total output only and have not considered per caplta output 
questi ms, largely because the studies are limited to the short run. 

Ram and Schultz (1979) reviewed the literature relating population growth due to lower 
death rates to economlc development. In thelr review they summarized studies that condude, 
like Balow, that poy ulation growth will slow economic development because of reduced 
publlc iwestment in physical capital. This reduced investment comes about as a rmlt  of the 
increased need for public expenditure on schools, health, and other social program. Ram 
and Scl-dtz pointed oat that these analyses omit measurement of likely increased investment 
in human capital that occurs as life expectancy is increased. The studies genemlly also omlt 
measuring the effect on output of the increased productivity of healthier workers. Further, 
a youwer population may be more open to innovation and technical change. Thus, the 
marginzl productivity of labor wi l  not necessarily decrease with increased population, and 
income per capita will not necessarily fall. 

Finally, when looking at the long-range effects of health programs, one must choose a 
suitable discount rate. There is general agreement that health benefits that are experienced 
sooner are more ~ l u e d  than those that occur later. However, there is no consensus as to 
the correct rate for discounting future benefits (Bamum 1987). Controversy exists between 
selecting a higher rate, which more accurately represents the opportunity cost of capital 
("efficiency pricing"), ur a lower rate, which mlght reflect the soda! rate of time preference. 
Sensitivity analysis to test the range of plausible discount rates is desirable. The choice of a 
discount rate fs particularly important in cases in which initial economic benefits from a 
health program may be followed after several years by adverse effects on the economy 
because of long-term demographic effects (Barlow 1967), or when the stream of benefits 
from a health intervention continues unabated because of successful disease eradication (Paul 
1988). 

Clearly, it is important, if estimates are to be credible to planners and policyrnakers, to be 
able to estimate the long-term effects of health programs on per caplta income. However, 
the Bariow model alone is probably too complex and its data requirements are too heavy to 
be practical. We suggest the development of a simpler model of long-term effects whereby 
macroeconomic parameter estimates are assumed or estimated rather than generated within 
the model. The advantage of such a simulation approach is that the assumptions can be 
changed in a sensitivity d y s l s  and a range of possible estimates obtalned. 



A2. Review of Data Issues 

h the previous section, we summarized many of the methodologfcal Issues and significant 
problems when performing studies to estimate the economic benefits of health programs. In 
this section, we summarize tho data hues and problems. 

A2.1 Qiata Needs and Sources 

The data that are needed to estimate the effect of a health program on the economy of a 
region include the foUowing: 

Mmatr?s of the current effect of the health problem(s) of interest on 
the health, well-being, productivity, and school attendance of the 
population 

Current use and cost of health care services for the health problem(s) 

Information on the type of economy In the region, the current 
employment patterns of labor, and the current and future availabllity 
of physical capital 

A typical COI study in the United States might use data from health interview surveys, 
hospital discharge surveys, causespecific mortality tables, national surveys OR health care 
costs and disability by disease, and national surveys on average wage rates (Policy Analysis 
Inc. 1981; Salkever 1985). The U.S.-based COI studies typically assume that rnarkets are 
perfect and thus wage rates are equal to the opportunity cost of labor. They dso assume full 
employment and ignore the problem of multiple causes of death or disability (Tolley et al, 
1978). Further, they ignore differing enwiromental factors for different segments of the 
population, which might affect the severity of the disease or the response to treatment. 

In developing counhies, however, data availabllity end the analytic environment are very 
different. National and regional statistics on births and deaths are generally available. If they 
are not, other techniques developed by demographers can be used to derive them, glven 
some knowledge about the age distribution of the population (see, e.g., Cohen 1974). 
Cause-specific mortality rates may also be adable. However, because of the existence of 
cenkalized national heal&! systems in most developing countries, data on health care costs 
and utilization are much more problematic to obtain or estimate. Finally, data wlll often be 
available on employment and productivity in some, but not all, sectors of the economy, but 
it k unlikely that there wlll be adequate national or regional data on days lost from work 
because of sickness. 



Cohen (1974) estimated the economic benefits of eliminating mortality due to schistosomiasis 
in Zanzlbar using published, but generally inadequate, epidemiologic, demographic, and 
economic data. We review how he derived the data needed for the study to illustrate the data 
issues discussed above. 

In order to estimate the death rate from schistosom!asis, Cohen used the results from a study 
by Forsyth (1969) of stool and urine specimens of 1,004 people in Zanzibar over a two-year 
period. During this period, 22 people died. Four of the 19 deaths of people wer 20 years 
of age were attributed to schistosomiasis because kidney failure was given as the cause of 
death. Although schistosomiasis can cause kldney failure, Forsyth did not cross-tabulate data 
on infection with data on kldney failure, and thus, It is possible that the Mdney failure was 
from other causes. Edington (1957) found that fewer than Mf the deaths from renal failure 
were attributable to schistosomiasb in Ghana. In addition, Forsyth did not say how he chose 
the community to sample, so that it may not be representative of Zanzibar as a whole. 
Despite these and other criticisms of the Forsyth study, Cohen used the schistosomiasis death 
rate from that study in his 'analysis. 

No life tables were available for Zanzibar in 1974. However, it is possible to estimate a life 
table using the theory of stable populations. Cohen used the Brass technique (Brass et al, 
1968) to derive a life table from available census data. He adjusted the stable population 
assumption to reflect a declining mortality rate for Zanzibar. He then compared the age 
distribution predicted by this technique with the age disMbution recorded by Forsyth. Once 
he had estimated the life table, he used the technique described in Spiegelman (1968) and 
Forsyth's data to estimate the life table that would obtain if schistosomiasis was eliminated. 
From these estimates, he could estimate additional years of life in the absence of 
schistosomiasis. 

Cohen stated that economic statistics for Zanzibar were even scarcer than demographic 
statistics. He found qualitative descriptions in the International Labor Office and scattered 
sources from publications while Zanzibar was still a protectorate. He assumed the percentage 
of males economically active to be 100 percent for all males between the ages of 15 and 60, 
based on a United Nations report and the age distribution of the population, and defined 
"economfcally active" as working during some part of the year. Finally, he estimated average 
annual earnings for unskilled labor as a lower bound using three data sources a United 
Kingdom Colonial Office report; a Labour Department report; and a East African Common 
Services Organization report. 

This description of the data sources used by Cohen in Zanzibar illustrates that sufficient data 
will usually be available as a basis for the needed parameter estimates. The problem is that 
such estimates are assodated with uncertainty and m y  be biased up or down. The ranking 
of the benefb for dtffersnt dsvaopmwrt programs will dqmd on the data sources available 
and may be sensitive to their biases. 



In addition to the possible scarcity of national or regional data on health, health care costs 
and utilization, and employment, there Is unlikely to be detailed information on the disparities 
In environmental factors among different segments of the population. Examples of 
environmental factors of importance are the presence of multiple endemic diseases and the 
lack of adequate nutrition or water supply and sanitation for some population subgroups. 
Information about these factors, however, may be available from national or regional sources 
or local experts. 

Political and legal constraints may also affect the health or productivity changes associated 
with a health program. Emples  of institutional facto~s of Importance include legal 
restrictions on land ownership and political barriers to relocation. 

Neither in the United States nor in developing countries are data typically available that 
measure the amount or value of the nsnmarket commodities produced by the household. 
Such nonmarket commodities include nutrition, health, child care, and lebure and may be 
of greater importance in developing countries than in the United States. Household surveys 
are the only way to collect such data, and they are expensive and hard to generalize from 
one area to another. Popkin (1982), however, has suggested a general framework for such 
surveys, which is shown in Table A-2. 

Summary of Problems When Estimating Economic Imgadl 
of Health Programs 

In reviewing selected health benefits studies, we have identified many of the issues and 
problems that make estimates of the economic benefits from health programs at best an 
approximation of reality. This section summarizes the problems that are likely to remain, 
even after careful consideration of the foregoing issues and problems. 

A3.1 Methodological Problems 

The empirical approach to estimating productivity gains from health programs gives more 
realistic estimates, but It is expensive to apply and the results from one study cannot readily 
be generalked. The macropductivity, or COI, approach is a general method for estimatirg 
productivity losses, whereby productivity losses are estimated q the product of days lost l,n 
Illness and the average daily wage. Vey often thfs approach does not account for differenctzs 
fn the allocation of time within healthy and unhealthy families and differences in employment 
opportunities in different communities. Both of these factors will affect the productivity gaiw 
fmm better M t h .  The probtem for those wtshing to use the rnacroproducllvtty fCOfl 
approach to estimate productivtty changes Is that the relationship between health and tine 
allocation of household t h e  to market and nonmarket activihes is not well understood and 



Table A-2 

Mulitipurlpose Data Desirable for Analyzing 
the Soda1 and Economic Impact of Tropical Diseases 

Household and Indlvldual Data 

Dcmographlc, .odd: 
Age/sex compodtlon; educatlod attainmenti mident durstlon and orlglnr; current rhool  sttendance; 
pqnancy and fertility historks &tolled for r~cent perlod); other fecton that can affect fertlllty a d  
mortsltty kg., famlly plsnnlng, bwadeeding). 

wealth ameb1 
Ownenhlp of housing, bnd, mrlous economk and household Items; debt profile; bnd tenure dstw. 

Economic atlvltles (fsmlng/live~ockfishIng/bralners/wage labor): 
For each major atlvlty, detelled inputs (msterlsls, labor, a s  ...) and outputa: inch& market and 
oppottunlty cosb for bbor and other Item. 

Uneamed income: 
Sourca of income or cash from rent, gifts, r o m i t b m ,  and others. 

t h e  dlocstlon: 
For a dectd derence perlod: complete time use by each famlly member in home and market 
sctivltie8. 

Health rorvke use: 
Cumtlve and preventhe use of traditional and modem personnel and hdltles and dated facton 
(dstance, expenditures, insurance, etc.). 

Knowledge/bellefr/attltuder: 
Those related to keydaeam of interest and ure of Important sewlees (e.g., ~ d n s t l o n ,  rsnltatlon, 
water, modem d k i n e ) .  

Health status: 
General (e.g., anthropometry)und speclfic (e.g., spleen, doob for each indhrldual; dso mcdcal hlrtorks 
of scut.3 ad chronic problems). 

W e d  hlstorlcal data: 
Work expdence, asssonal migration, trawl to infested areas, dc. 

Community Data 

tnfonnation on sanitation, water and related aulvlcev, r d ,  hanrporfstlon, irr@tion. 

Savlcrrt 
Socbl d c e  avdbbility (didsnce and hwd tlme and coat of fsdlitks and personnel); vldb to 
cunmmlty rtvkes for cducstlon, welfare, sgrlculture, health, famlly planning, ad others., 

W*n: 
Knowkdge, attituda, d p d c a  of wohen who are crudd to sctivltlea affdted by or whkh affect 
impkrdduaaw. 



likely to depend on the organization of the community, market production opportunities, and 
environmental factors. In addition, differences in employment opportunities and the 
availability of capital may critically affect productivity losses from disease and gains if disease 
incidence is reduced. The effects of employment opportunities will vary according to the 
organization of the community, type of employment, and environmental factors. 

Finally, there remain other significant methodological questions when modellng the long-term 
economic effects of health programs. Some examples follow: 

Q) The effect of reduced child mortality on fertility rates-in general, 
fertility rates will decline as child mortality nates decllne, although 
there may be a lag of a number of years 

The effect of decreased adult morbidity on fertility rates 

The change in household receptivity to innovative ideas and the 
perception of the importance of investment in human capital under 
different disease/health scenarios 

A3.2 Data Problems 

The most obvious data problem is the high cost of collecting the type of data that are needed 
to obtain realistic estimates of the economic effects of health programs. Use of existing data 
is hampered by the need to access multiple and perhaps inconsistent or conflicting sources 
and the often unverified levels of tmlidity and reliability of the data. Further, because of the 
complexity of the relationship between improvements in health and economic development, 
and the number of ~riables that affect it, data collected in one region often cannot readily 
be applied to another region. Because of imperfections in markets, it is also difficult to 
estimate the opportunity cost of labor and resources, that is, their values in their next best 
uses. Other difficulties include obtaining information on the following: 

Characteristics of individuals that are unknown to the researcher, such 
as genetic predispositions to different diseases or greater ability to 
tolerate disease 

Characteristics of the envkmment that are unknown or their effects 
not well understood, such as the presence of multiple diseases and the 
dlrnate 

Behavioral and motivational characteristics oi' the population for 
which there are no convenient units of measurement 



Final y, nonmarket production Is hard to measure in any case, especially for things like child 
care md leisure, for which there are also no obvious units of measurement. Similarly, there 
Is no metrlc for me;\liurlng possible long-term motivational and receptlvlty-to-innowon 
effect; that may resui t from changes in life expectancy or morbidity/disabllity expectancy. 

A4. Conclusions 

In thls appendix, we have reviewed selected studles to illustrate how health benefits have 
been estimated despite methodological and data problems. However, problems that arise 
when estimating the economlc benefits of Improvements in health have resulted in 
uncertainty about the accuracy of the results and, thus, a low level of credibility for this type 
of analysis. Nevertheless, if health programs are to compete for scarce resources wlth other 
types of economic development programs, such analyses must be done. Our proposed 
approach 1s to perform health benefits analyses that come as close as possible to the ideal, 
glven available data and resources, and to estlmate quantitatively or qualitatively the sensitivity 
of th2 results to assumptions made as a result of methodological and data problems that 
could not be solved, 



Appendix B 
TABLE SHELLS ILLUSTRA3I'ING TYPES AND FORMATS OF DATA 
NEEDED 





Table B2 

Table Shell for Data on Short-Term Health Effectse 
Part II: Number of Daysw at Each Level of Disability 

Total Duration of illness until 
Level of sawlily None Mi?Hx Parthl Total Cdre or Death (yeas) 

%eparate dues for each age and sex if different. 
"Mher in 365 dqdyear or separate values to account for seasolaallty, if appopriate. 
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Î arrfn, G. 1984. Economic evaluation of health care intexventlons: A review of alternative 
methods. Soclal Sclence and Medfcfne 19: 1015-1030. 



Cohen, J.E, 1974. Some potential economic benefits of eliminating mortality attributed to 
schlstosomiasis In Zanzibar. Social Science and Medicine 8:383-398. 

Cohn, E,J. 1972. Assessment of malaria eradication costs and benefits. American Journal 
of Tropical Medlclne and Hygiene 21:663-667. 

Collins, K.J., R.J. Brotherhood, C.T.M. Davies, et al. 1976. Physiological performance and 
work capacity of Sudanese cane cutters with xhistosoma mansoni Infection. 
American Journal of Tropical Medicine and Hygiene 25:410-421. 

Conly, G.N, 1976. The impact of malaria on economic development. WHO Chronicle 
30:223-228. 

Cooper, B.S., and D.P. Rice. 1976. The economic cost of dlsease, revisited. Soclal Security 
Bulletin 39(2). 

Creese, A.L. 1983. The economk evaluation of immunization programs. In K. Lee and A. 
Mills, eds., The Economics of Health In Developing Countries. New York: Oxford 
University Press. 

-a 1985. Economic aspects of tmpical disease: What is better health worth? 
Transactions of the Royal Society of Tmpical Medlclne and Hygiene 79: 143-148. 

Creese, A.L., and. R.H. Henderson. 1980. Cost-benefit analysis and immunization 
programmes in developing countries, Bulletin of the World Health Organlzatlon 
58:49 1-497. 

decodes, J., T.D. Baker, and D. Schumann. 1988. The hidden costs of illnes in developing 
countries. In I. Sirageldin, ed,, Research In Human Capital Dewlopment. Vol. 5. 
Greenwich, Conn.: JAl Press, Inc. 

Dunlop, D.W. 1975. Benefit-cost analysis: A preview of its applicability in policy analysis for 
delivering health services. Social Science and Medicine 9:133-139. 

-. 1984, Theoretical and empirical Issues in benefit identification, measurement, and 
valuation related to parasitic dlsease control in poor countries. Soclal Science and 
Medlctne 19:1031-1037. 

Edington, G.M. 1957. Schistosomlasis in Ghana with special refemce to its pathology. West 
African Medtcai Jaumd 645-49. 



Esrey, S.A., and J,-P, Habicht. 1986. Epidemiologic evklence for health benefits from 
lmprwd water and sanitation in developing countries. Epldewrlologlc Revlews 
8:117-128. 

Esrey, S.A., J. Potash, L. Roberts, and C. Shiff. 1990. Health Benefits from 
improvements In Water Supply and Sanltatlon: Survey and Analysls of the 
Literature on Selected Diseases. Technical Report No. 66. Arlinglton, Va.: WASH 
Project, 

Fenwick, A,, and B.M, Figenschou. 1972. The effect of Schlstosoma manson1 on the 
produdivlty of cane cutters on a sugar estate in Tanzania. Bulletln of the World 
Health Organ ftatlon 47:567-572. 

Forsyth, D.M. 1969. A longitudinal study of endemic urinary schistosomi~ds in a small East 
African community. Bulletin a,f the World Health Organleatfon 40:771-783. 

Foster, R. 1977. Schlsostosomiasis on an irrigated estate in East Africa. 111. Effects of 
asymptomatic infection on health and industdal efficiency. Journal of Troplcal 
Medfclne and Hygiene 70: 185-195. . 

Gateff, C:, G. Lemarinier, R. Labusquiere, and M. Nebout. 1971. Influence de la bilhanlose 
vesicale sur la rentabilite economique d'utie population adulte Jeune du Cameroun. 
Annales de la Soclete Belge de Medfcine Troplcal51:389-324. 

Ghana Health Assessment T m .  1981. A quantitative method of assessing the health 
impact of different diseases In I& developed countries. Internatfonal Journal of 
Epfdernfology 10:73-80. 

Grossman, M. 1972. The Demand for  Health: A Theoretical and Emplrlcal lnuestigatlon. 
New York: Columbia University Press. 

HeUer, P.S. 1982. A model of the demand for medical and health servlces in peninsular 
Malaysia. Socfal Scfence and Medlcfne 16:267-284, 

Hills, P.J., and M.W. Jones-Lee. 1983. The role of safety in highway investment appraisal 
for developing countries. Accident Analysis & Preuentfon 15:355-369. 

Hodgson, T.A. 1988. h u a l  costs of Illness versus lifetime costs of illness and trnp!!~%ms 
for structural change. Drug lnformatlon Journal 22:323-341. 

.-. 

Hodgson, TA., and M.R. Meiners. 1979. Guldellnes for Cost of'lllness Studfes In the 
Public Health Serulce. Public Health Sewice Task Force on Cost of Illness Studies. 
Washington, D.C.: US. Public Health W c e .  



. 1982. Costsf-lness Methodology: A Guide to Current Practices and Procedures. 
' 

Milbank Memorial Fund Quarterly 60:429-462. 

Horton, S., and P. Claquin. 1983. Cost-effectiveness and user characteristics of cllnic based 
sewices for the treatment of diarrhea: A case study In Bangladesh. Soclal Science 
and Medlclne 17:721-729. 

Howe, J.D. 1976. Valuing time savings in developlng countries, Journal of Transport 
Econornlcs and Poky  10:113-125. 

Kuhner, A. 1971. The impact of publlc health programs on economic development: Report 
of a study of malaria in Thailand. lnternatlonal Journal of Health Srvfces 
1:285-292. 

Lee, K., and A. Mills. 1983. Developing countries, health, and health economics. In K. Lee 
and A. Mills, eds., The Economlcs of Health In Developing Countries. New York: 
Oxford University Press. 

Mills, A. 1985. Survey and examples of economic evaluation of health programmes In 
developing countries. World Health Stat!stlcs Quarterly 38:402-431. 

Morrow, R.H. 1984. The application of a quantitative approach to the assessment of the 
0 relative importance of vector and soil transmitted diseases in Ghana. Social Science 

and Medicine 19:1039-1049. 

Namboodiri, K., and C.M. Suchindran. 1988. Life Table Techniques and Thefr 
Applfcatfons. Orlando, Fla.: Academy Press. 

Paul, J.E. 1988. A Field Test Report of lmplementation Planning and a Cost-Benefit 
Model for Guirrca Worm Eradfcatfon in Pakfstan. Fleld Report No. 231. Arlington, 
Va.: WASH Praect. 

Paul, J.E., R.B. Isely: a d  G.M. Ginsberg. 1986. Cost-Effective Approaches to the Control 
of Dracunctoliasis. Technical Report No. 38. Arlington, Va.: WASH Project. 

Policy Analysis, Inc. 1981. Eualuatfon of Cost of 1ItnessAscertalnrnent Methodology. Part 
1: Concepts, Issues, and Methodology of Cost of Illness Ascertahment. U.S. 
Department of Health and Human Services. Hyattsvllle, Md.: National Center for 
Health Statistics. 

- - -- Popkin, B.M. 1982. A Romefi61& framework f a ~  examining the sccid and economic 
consequences of tropical diseases. Soclal Scfence and Medfcfne 16:533-543. 



Prescott, N.M. 1979, Schlstosomlasls and development. World Dewlopment 7: 1-14. 

. 1989. Economic analysis of schistosomiasis control projects, In M.W, Servlce, ed,, 
Demography and Vectorborne Diseases. Boca Raton, Ha.: CRC Press, Inc. 

Prexott, N.M., and J. Warford. 1983. Economic appraisal in the health sector. In K. Lee 
and A. Mills, eds., The Economics of Health in Dewloping Countries. New York: 
Oxford University Press. 

Prescott, N.M., A. Prost, and R. le Berre. 1984. The economics of blindness prevention in 
Upper Volta under the onchocerciasis control program. Social Science and 
Mcdicine 19:1051-1055. 

Ram, R., and T.W. Schultz. 1979. Life span, health savings, and productivity. Economic 
Development and Culture 27:399-421. 

Rice, D.P., T.A. Hodgson, and A.N. Kopstein. 1985. The economic costs of illness: A 
replication and update. Health Care Financing Review 7(Fall). 

Rosenfield, P.L., F. Golladay, and R.K. Davldson. 1984. The economics of parasitic 
diseases: Research priorities. Social Science and Medicine 19: 11 17-1126. 

Salkever, D.S. 1985. Morbidity Costs: National Estimates and Economic Determinants. 
DHHS Publication No. (PHS) 863393. Washington, D.C.: U.S. Department of 
Health and Human Services. 

Spiegelman, M. 1968. introduction to  Demography. Cambridge, Mass.: Harvard University 
Press. 

Squire, L., and H.G. mn der Tak. 1975. Economic Analysis of ProJects. Baltimore: Johns 
Hogkins University Press. 

Tjiptoherljanto, P. 1986. An economic perspective on the cost of disease. Southeast Asian 
Journal of Tropical Medicine and Public Health 17:489-495. 

Tolley, H.D., K.G. Manton, and S.S. Poss. 1978. A linear models application of competing 
risks to multiple causes of death. Biometrlcs 34:581-591. 

Weisbrd, B.A., R.L. Andnano, RE. Baldwin, et al. 1973. Disease and Economic 
Development: The Impact of Parasitic Diseases In St. Lucla. Madison: The 
' U n i a i w i s c o n s t n ~ .  



Whlttlngton, D., and D. Mactaacz. 1986. The Issue of standlng in cost-benefit analyslu. 
Journal of Policy Analysis and Management 5:665-682. 


